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PREFACE. 

— « — 

The following work is an attempt to exhibit, in a moderate 
compass, the theory and practice of Navigation and Nau- 
tical Astronomy ; — to supply an elementary manual avail- 
able for educational purposes at home, and which the young 
navigator may profitably consult in the exercise of his 
professional duties at sea. 

To those already acquainted with the subject, even a 
cursory examination of the following pages will suffice to 
show, that I have ventured to depart from the plan adopted 
in existing treatises in several important particulars. I 
have, for instance, been much more sparing in the employ- 
ment of logarithms, by the aid of which numbers it is 
usually recommended that every nautical calculation should 
be performed. 

But having long entertained the conviction that the indis- 
criminate use of logarithms in the simpler operations of 
trigonometry is injudicious — since in such operations they save 
neither time nor trouble — I have resolved here to dispense 
with them in all those computations of navigation, in which 
the right-angled triangle only enters into consideration, 
and it is with the right-angled triangle almost exclusively 
that the practical business of navigation has to do. 

In the introductory chapter, I have sufficiently prepared 



Digitized by Google 




IV 



PHEFACE. 



the learner for this innovation — if innovation it be considered; 
and I am not without hopes that persons whose practical 
experience in these matters qualifies them to form a correct 
judgment, will assent to the change thus introduced. Petty 
multiplications and divisions can be more expeditiously, and 
more satisfactorily, performed, without the aid of logarithms 
than with it ; and that sort of assistance which rather retards 
than expedites the end in view, is in fact no assistance at all. 

With the exception of this change in the mode of con- 
ducting the numerical operations, there will be found little 
of peculiarity or novelty in the treatment of the navigation 
proper, unless indeed it be in the uniform blending together 
of theory and practice. The custom of making a book on 
navigation to consist of only a collection of authoritative 
rules, either without any theory at all, or with the investi- 
gations thrown together in the form of a supplement or 
appendix, to be studied or not, as the learner pleases, is one 
which I think should now be abandoned. More attention 
is being paid to professional training, better provision for it 
is supplied, and a higher standard of qualification demanded, 
than was the case fifty or sixty years ago. And our elemen- 
tary scientific text-books must harmonise with this improved 
state of our educational system : it is not enough now that 
a candidate for professional distinction knows what his 
book tells him ; he must know what it proves to him — the 
why as well as the how. But it is more especially from an 
impartial examination of the second part of this treatise — the 
part devoted to Nautical Astronomy — that I indulge hopes 
of a favourable reception of my book. In this more ad- 
vanced and more difficult portion of the subject, I have 
dispensed with formal “rules” in all cases where verbal 
precepts and directions would be long and tedious; and 
instead, have mapped out, as it were, a blank form of the 
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route which the calculation is to take. Mathematical 
formulas of any complexity are but ill adapted to verbal 
translation. By a person even but slightly acquainted with 
algebraical notation, the formula itself will, in general, be 
preferred for a working model, to the rule derived from it ; 
but a blank form is preferable even to the symbolical expres- 
sion, inasmuch as this, though indicating all the numerical 
operations, suggests nothing as to the most convenient way 
of ordering those operations. Blank forms have, in particular 
problems, been recommended, and even partially adopted 
before : but, I believe, not till now systematically given to 
replace rules ; and I have no doubt that they will prove 
acceptable in actual practice at sea.* I would also invite 
attention to the manner in which the problem of finding the 
latitude from a single altitude of the sun off the meridian is 
discussed, more especially to the practical inferences at 
page 147. Less consideration than it deserves is given to 
this problem in former treatises, on account of an affirmed 
ambiguity in the calculated result. I think it is here shown 
that the ambiguity complained of is more imaginary than 
real. 

The chapter “ On Binding the Time at Sea,” page 183, 
has also, I think, some claim to notice ; as I believe I have 
introduced a practical improvement in the working of this 
important problem. I would more particularly refer to 
what is contained between page 192 and the end of the 
chapter. To the subject of the sixth chapter, “ On Finding 
the Longitude at Sea,” I have also — as it deserves — devoted 
much careful consideration: the part of this chapter to 
which every person critically disposed will turn, will of 
course be the article on Clearing the Lunar Distance. 

* Steps 1, 2, in the form at p. 143, should Btand side-by-side : the 
narrowness of the page here renders this arrangement impracticable. 
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Besides the well-known logarithmic process of Borda — here 
a little modified — I have also given a method in which 
logarithms may be altogether dispensed with ; in which 
subsidiary tables, and auxiliary arcs are not needed ; and 
in which (besides a little common arithmetic) the whole 
operation is performed with the aid of only a single small 
table — a table of natural cosines. 

Should, however, the computer prefer to use logarithms 
where I have employed common arithmetic, it is of course 
optional with him to do so ; I have exhibited both inodes of 
proceeding, and if any one takes the trouble to count the 
number of figures brought into operation in each method, 
he will find that, on the average, the arithmetical process will 
not require above half-a-dozen more than the logarithmic : 
and one advantage of the former is, that the work is more 
readily revised. This work, in all its details, it is better to 
preserve rather than to record a mere abstract ; and even 
after the lapse of several hours, if a recurrence to it should 
lead to the detection of any numerical error, it will not 
be too late to put all to rights. 

There is no merit in devising formula) and rules for 
clearing the lunar distance ; dozens of them may be easily 
educed from the same fundamental expression. I have 
carefully examined and compared all those which different 
authors have selected, and steadily resisting all bias of judg- 
ment in favor of that here proposed, I have been forced to 
the conclusion that it has a claim to adoption. The method 
most in esteem at present, is that first given by Kraffit of 
St. Petersburg, which requires a table of versed and suversed 
sines, and another special table of “ Auxiliary Arcs.” This 
latter table is somewhat complicated, and will seldom 
furnish the arc required to within a second or two of the 
truth ; but the method is nevertheless the most simple and 
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convenient hitherto proposed : whether the dispensing with 
all such special tables, and thus securing accuracy to the 
nearest second, will entitle the process I have recommended 
to a favorable comparison with that just mentioned, others 
must of course determine. 

The tables which are to accompany this work, in con- 
junction with the logarithmic tables already published in 
the present series of Rudimentary Treatises, will compre- 
hend all those which are indispensably necessary in Naviga- 
tion and Nautical Astronomy — and no more than are 
necessary. The table of natural cosines will give degrees, 
minutes, and seconds; and will be so arranged that the 
“ Argument ” will always appear at the top of the page, so 
that the extract to be made will always be found by running 
the eye down the page : there will never be any necessity 
to proceed upwards, a plan which will of course facilitate 
the references. 

The logarithmic tables just adverted to may be bound up 
with those now in preparation, but it will be better to keep 
them distinct. A very little familiarity with them will 
enable the computer at once to put his hand on that one of 
the two collections which contains the particular table he 
wants, which table it will be more easy to find in a small 
volume than in a large one : the two volumes of tables will 
be distinguished one from the other by difference of colour 
in the covers. 

I have only further to add, that most of the astronomical 
examples in this book are accommodated to the Nautical 
Almanac of the current year, 1858 ; they all refer to dates 
in advance of the time when they were framed, and are 
therefore of course all hypothetical. 

J. K. YOUNG. 

May, 1858. 
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JNTEODUCTION. 

As this rudimentary treatise is intended principally for the 
instruction of persons having only a very moderate acquaintance 
with mathematics, we shall devote a few introductory pages to tho 
practical coirfputations of the sides and angles of plane triangles, 
a portion of the general doctrine of Trigonometry that is indis- 
pensably necessary to the thorough understanding of the rules and 
operations of Navigation - . 

Although the path of a ship at sea is always traced upon a 
curved surface, and is usually a line of a complicated form, yet it 
fortunately happens that all the essential particulars respecting 
this curved line — essential, that is, to the purposes of Navigation 
— are derivable from the consideration of straight lines only, all 
drawn upon a plane surface ; and the most complicated figure 
with which we have to deal, in Navigation proper, is merely the 
plane triangle. 

And it may be as well here, at the outset, to apprise the 
beginner that he is not to suppose that the substitution of the 
straight line on a plane surface, for the spiral curve on a spherical 
surface, in the various computations of navigation, is a contriv- 
ance forced upon us on account of the difficulties attendant upon 
tho discussion of the more intricate form of the latter, and that 
simplicity is attained at the expense of accuracy, by substituting 
a straight line on a plane, for a curve line on a sphere. It will be 
shown in the proper place (Chapter II.), that this substitution 
involves no error at all — that with the curvilinear form of a ship’s 
path we have in reality nothing to do — that, in imagination, tho 
curve may be straightened out, and that everything connected 
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with the course, the distance sailed, and the difference of latitude 
made, may be accurately embodied in a plane triangle. 

The learner will thus readily perceive that a familiarity with 
the rules for calculating the sides and angles of plane triangles is a 
preliminary indispensable to the attainment of a sound practical 
knowledge of navigation ; and we therefore earnestly invite his 
attention to what is delivered in the following introductory 
chapter, written with an especial view to the declared object of 
the present rudimentary treatise. 



PRELIMINARY CHAPTER. 

On the Cohpetations op the Sides and Angles of Plane 
Triangles. — Every triangle consists of six part^ as they are 
called — the three sides, and the three angles. As lines and angles 
are magnitudes quite distinct in kind, we cannot directly combine 
a line and an angle in calculation, any more than we can combine 
a mile and a ton. To obviate this difficulty, and to convert all 
the magnitudes with which trigonometry deals into linear magni- 
tudes only, employed in connection with abstract numbers, certain 
trigonometrical lines, or numbers having reference to the angles, 
are always used in the computations of trigonometry, instead of 
the angles themselves. It will be shown presently what these 
trigonometrical quantities are, and how completely they enable us 
to conduct investigations concerning the sides and angles of 
triangles, without the latter kind of magnitudes ever directly 
entering the inquiry: previously to this, 
however, it will be necessary to explain 
how angles themselves are measured. 

About the vertex A, of any angle 
B A C, as a centre, let a circle BODE F be 
described : the intercepted arc B C will 
vary as the angle B A C ; that is to say, 
that if the angle change to B A C', whether 
greater or smaller than the former, then will the intercepted arc 
change from B C to B C', so as to give the proportion 

angle B A C : angle B A C' : : arc B C : arc B C', 
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as is obvious from prop, xxxiii. of Euclid’s sixth book. And this 
is true whatever be the magnitude of the circle, or the length of 
the radius AB. 

The circumference of the circle is conceived to be divided into 
360 equal parts, called degrees; so that, from the above pro- 
portion, an angle at the centre, subtended by an arc of 40 degrees, 
is double the angle at the centre subtended by an arc of 20 degrees, 
three times the angle subtended by an arc of 10 degrees, and so 
on ; and this is true whatever be the radius of the circle described 
about A. 

The degrees of one circle differ of course in length from the 
degrees of another circle, when the two circles have different 
radii : — a degree being the 360th part of the circumference, 
whether the circle be small or great ; yet it is plain, that if a 
circle, whether larger or smaller than that before us, were 
described about A, the arc of it, intercepted by the sides A B, A C 
of the angle, would be the same part of the whole circumference 
to which it belongs, that the arc B C of the circle above is of the 
whole circumference to which it belongs : in other words, the 
angle at the centre would subtend the same number of degrees, 
whatever be the length of the radius of the circle on which those 
degrees are measured : — the degrees themselves would be unequal 
in magnitude, but the number of them would be the same. 

By viewing an angle in reference to the number of degrees in 
the circular arc which subtends it, as here explained, we arrive at 
a simple and effective method of estimating angular magnitude : 
the circular degree suggests the angular degree, which wc may 
regard as the unit of angular measurement — the angular degree 
being that angle the sides of which intercept one degree of the 
circle. Angles are thus measured by degrees, and fractions of a 
degree — the measures applied being the same in kind as the quan- 
tities measured, just as in all other cases of measurement. 

For the more convenient expression of fractional parts, a degree 
is conceived to be divided into sixty equal portions, called minutes, 
and each of these into sixty equal parts, called seconds; further 
subdivisions are usually regarded as unnecessary, so that when- 
ever it is thought requisite.to express an angle with such minute 
accuracy as to take note of the fraction of a second, that fraction 
is actually written as such. 

The notation for degrees, minutes, and seconds, will be readily 

n 2 
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perceived from an instance or two of its use : thus, 24 degrees 
16 minutes 28 seconds would be expressed, in the received nota- 
tion, as follows: 24° 16' 28" ; and 4 degrees 9 minutes 12 seconds 
and three quarters of a second, would he written 4° 9' 12"J. 

If we were required actually to construct an angle from having 
its measurement in this way given, and were precluded from the 
use of any peculiar mechanical contrivance for this purpose, we 
should first draw a straight line, as A B, in the preceding diagram; 
then, with the extremity A as centre, and with any radius that 
might be convenient, we should describe a circle B D F, &c. : the 
circumference of this circle we should divide into 360 equal parts, 
or the half of it, B E F, into 180 equal parts, or the fourth of it 
(the quadrant), B D, into 90 equal parts ; we should then count 
from B as many of these parts, or degrees , as there are in the 
measure of the angle, adding to the arc, made up of these degrees, 
whatever fractional part of the next degree, in advance, was 
expressed by the minutes and seconds: the whole extent (B C) of 
arc, subtending the angle to be constructed, would thus be dis- 
covered ; and by drawing A C, the required angle B A C would 
be exhibited. But the practical difficulties of all this would be 
very considerable, if not insurmountable; they need not, however, 
be encountered, as instruments for constructing angles, and for 
measuring those already constructed, are easily procurable: the 
common protractor , with which all cases of mathematical instru- 
ments is furnished, enables us speedily to effect the business with 
sufficient accuracy for all ordinary purposes. It is simply a semi- 
circular arc divided into degrees, as above described, with the 
centre marked on the diameter connecting its extremities. 

But the construction, or measurement, of angles upon paper, is 
a mechanical operation with which we have nothing to do in 
calculations respecting triangles; and we have adverted to it 
solely for the purpose of giving greater clearness and precision to 
the student’s conception of angular measurement; to satisfy him, 
in fact, that the numerical expression for the value of any angle — 
using the notation explained above — does really convey an accurate 
idea of the amount of opening it refers to, and furnishes a sufficient 
datum for the actual construction of the angle, supposing no merely 
mechanical difficulties to stand in the way. Referring again 
to the diagram, at page 2, we have further to remark, that what 
must be added to any are, or subtracted from it, to make it become 
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a quadrant, or aa arc of 90°, is called the complement of that arc : 
thus, C D is the complement of the arc B C ; and D E, taken sub • 
tractively, is the complement of the arc B E. In like manner, 
what must be applied to an arc to make it a semicircumference, or 
180°, is called the supplement of that arc : thus, CDF is the 
supplement of the arc B C, and E F the supplement of the arc 
B C E. The same terms apply to the angled subtended : thus, 
the angle C A D is the complement of the angle BAG; and the 
angle DAE, taken suhtractively, is -the complement of the angle 
B A E. In like manner, the angle C A F is the supplement of 
the angle B A C, and the angle E A F the supplement of the 
angle B A E. 

For example, the complement of 21° 12', whether we refer to 
arc or angle, is 6 48', and its supplement is loo 3 4S'. 



The Trigonometrical Sines, Cosines, i§-c. 

It has already been observed, that as an angle and a straight 
line cannot possibly he combined in any numerical calculation, it 
is necessary to employ either lines or abstract numbers instead of 
angles in all the rules and investigations of trigonometry, the 
quantities thus employed being, of course, such as to always suggest 
or indicate the angles themselves : we deduce them as follows : — 

The Sixe. — F rom the extremity C, of the arc B C, subtending 
the angle B A C at the centre of the 
circle, let a perpendicular Cm be drawn 
to the radius A B : this perpendicular 
is the sine of the arc B C. The sine of 
an arc is, therefore, a line which may 
be thus defined : — It is the perpendi- 
cular, from the end of the arc, to the 
radius drawn to the beginning of that 
arc : all the arcs considered are supposed to have their origin at B. 

Just as from the measure of an arc we derive the measure of the 
angle it subtends, so from the sine of an arc we deduce the sine of 
the angle. It would not do to regard, without any modification, 
the sine of an arc as the sine of the angle it subtends, because, 
though the angle remain unchanged, the subtending arc — and 
consequently the sine of it — may be of any length whatever, in 
the absence of all limitation as to the length of the radius. In 
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order, therefore, that every angle may have a fixed and determi- 
nate sine, the radius is always regarded as the linear representa- 
tion of the numerical unit or 1 , upon which hypothesis it is plain 
that the sine of an angle will always be the same fraction, since 
Cm C'm' 

j-g is always equal to — , (Euc. 4. vi.), so that the fraction 

alluded to is no other than the ratio of the sine of the arc to the 
radius. It is this ratio or fraction that is called the trigonometrical 
sine, or sine of the angle ; it is an abstract number : the sine of 
the arc is called the linear or geometrical sine : — it is a straight line. 

The Cosine. — The cosine of the arc B C is the portion Am of 
the radius intercepted between the centre and the foot of the sine 
of the arc. The trigonometrical cosine, or the cosine of the angle 
B A C, which the arc subtends, is the numerical representation of 
A m conformably to the scale A B = 1. In other words, it is the 

ratio or fraction or — l 
AC AC' 

The Tangent. — The tangent of the arc B C is the straight line 
B T, touching the arc at its commencement B, 
and terminating in T, where the prolonged 
radius through the end C of the arc meets it. The 
trigonometrical tangent, or tangent of the angle 
B A C, is the numerical value of the same line 
on the hypothesis that A B = 1 . In other words, 

. B T BT 

it is the ratio — , for A B : B T : : 1 : — the trig, tangent. 
A B AB 

The Cotangent. — The cotangent of the arc B C is the line D<, 
touching the complement of that arc at D, and terminating in A C 
prolonged. The trigonometrical cotangent, or cotangent of the 
angle B A C, is the numerical value of the same line, on the hypo- 
thesis that A B = 1. In other words, ■ it is the ratio ?i , for 

AD 

AD: D< : : 1 : — , the trigonometrical cotangent. 

AD ° 




The Secant. — The secant of the arc B C is the line A T from 
the centre up to the tangent : its numerical value on the hypo- 
thesis of AB=1, is the trigonometrical secant, or secant of 



the angle B A C. This numerical value is the ratio 

AT 



AT 
A B’ 



for 



AB : AT : : 1: 



A B‘ 
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The Cosecant. — The Cosecant of the arc B C is the line At 
from the centre up to the cotangent : the trigonometrical cosecant, 
or cosecant of the angle B A C is the numerical value of At on 

the hypothesis that AD = 1; this value is the ratio — yr, for 

AD 



AD: At:: 1 : 



At 

AD' 



The learner will perceive that cosine, cotan- 



gent, and cosecant are nothing more than the sine, tangent, and 
secant of the complement of the arc or angle, the commencement of 
.the complemental arc being considered as at D. It is also further 
obvious that any geometrical sine, cosine, Ac., if divided by the 
radius of the arc with which it is connected will give the sine, 
cosine, &c., of the angle which that arc subtends at the centre : 
these trigonometrical quantities, though all pure numbers, may, 
as already explained, be represented by lines — the same lines as 
those employed in connection with the arc, provided only we 
agree to regard the radius of that arc as the linear representation 
of the unit 1. The advantage of thus regarding the radius as 
unit is that we can investigate the relations among the trigono- 
metrical quantities defined above without introducing the radius 
as a divisor, since a unit-divisor may always be suppressed, and 
may avail ourselves of the aid of geometry for this purpose. 
Thus, referring to the right-angled triangles in the preceding 
diagram we have from Euclid, Prop. 47, Book I. 

Cm 2 + Am*=AC 2 , AT=AW + BT-, A< 3 =AD 3 + Df 3 



that is, the radius being regarded as = 1, and the angle being 
represented by A, 

sin 3 A + cos 3 A=l, sec 3 A=1 + tan 3 A, cosec 3 A=1 + cot 3 A. ..(1) 
Again, because the Bides about the equal angles of equiangular 
triangles are proportional, the triangles AQm, ATB, A#D furnish 
the following proportions, namely : — 

cos A : sin A : : 1 : tan A 
sin A : cos A : : 1 : cot A 
cos A : 1 : : 1 : see A 

tan A : 1 : : 1 : cot A 

sin A : 1 : : 1 : cosec A 

tan A= -, cot A = — — ... (2) 

cos A sin A 



A= — ~r , cotA=j—L 

pna A * 



nrtQoo A - 



« 
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From the relations (l) we see that 

sin A= a/ (1 — cos- A), cos A= (1 — sin* A), sec A= •/ (1 + tan 2 A) 
cosec A= -/ (1 + cot 2 A) (4) 

And from these, in conjunction with (2) and (3), we farther see 
that when either the sine or the cosine of an angle is known, all 
the other trigonometrical values may be computed from it. More- 
over, from (3) it appears that the following pairs of values are the 
reciprocals of each other, namely — 

Sec A, cos A ; tan A, cot A; sin A, cosec A. 

But it would bo out of place here to discuss the relations among 
the trigonometrical values at any greater length : for a more com- 
prehensive view of the general theory of these quantities, the 
learner is referred to the rudimentary treatise on Trigonometry. 

On the Trigonometrical Tables. 

The numerical values of all the trigonometrical lines, conform- 
ably to the hypothesis, that radius = 1 , are carefully computed, 
for all angles from A = 0° up to A=90° and arranged in a table. 
Such a table is called a table of natural sines, cosines, &c., to dis- 
tinguish it from a fable of logarithmic sines, cosines, &c., to be here- 
after adverted to. In the construction of such a table it is unneces- 
sary to compute for angles above 90°, for, as a little reflection, on 
reference to the diagrams in which the trigonometrical lines are 
exhibited, is suflieient to show, the sine, cosine, &c. of an arc or 
angle above 90°, is a line of the same length as the sine, cosine, &c. 
of an arc or angle as much below 90°, so that the sine, cosine, &c., 
of an arc or angle has the same linear and numerical value as the 

sine, cosine, &c. of the supplement of that 
arc or angle, and this is a truth that the 
learner must always keep in remem- 
brance: thus sin 120°=sin GO 0 , sin 135’ 
=sin 4 b°, and so on. Similarly of the 
8 cosines, tangents, &c., only here it is to 
be noticed that the cosine of a supple- 
mental arc lies in an opposite directionto 
the cosine of the arc itself, remembering 
that all arcs here considered are supposed 
to have one common origin or com- 
mencement : — the origin B in the preceding diagrams. For in- 
stance, if D E be made equal to 1)C, the arc BE will be the 

• 
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supplement of the arc BC, both arcs commencing at B, and it is 
this arc BE that we are to deal with as the supplement of BC, and 
not the equivalent arc FC. The cosine of the supplement of BC is 
therefore An, a line which, though the same in length, is directly 
opposed in situation to the cosine Am of the arc BC. This opposition 
of direction we have means of indicating algebraically: the opposite 
signs -(- and — furnish these means, so that instead of writing 
cos 120°=cos 60°, we should write cos 120°= — cos 60*. 

Similarly for the tangents : the tangent of BC is drawn from B 
upwards to meet the dotted line marking the prolongation of the 
radius through C ; but the tangent of the supplemental arc B E 
is drawn downwards to meet the dotted line marking the prolonga- 
tion of the radius E A — agreeably to the definition of the tangent. 
The two tangents though equal in length, being opposite in direc- 
tion, we accordingly write tan 120°= — tan 60°. It is sufficient, 
however, that we know whether the cosine be plus or minus, in 
order to enable us to pronounce upon the algebraic sign of any other 
of the trigonometrical quantities belonging to an arc or angle 
between 0° and 180 3 : thus the equations (2), page 7, give us 
tangent and cotangent, and the others secant and cosecant. 
It is not our business to explain here how the natural sines, 
cosines, &c., are computed ; as may be easily imagined, the work 
is of a very laborious character, but tables having been constructed 
once for all, there is no occasion for a repetition of the labour. 

As to the use of such a table in facilitating calculations respect- 
ing the sides and angles of plane triangles, we offer the following 
explanations : 

Referring to the diagram at page 6, we see that Am C, A B T 
are two similar right-angled triangles. In the first of these, 1 is 
the numerical value or representative of A C ; in the second, 1 is 
the numerical representative of A B, the other sides being esti- 
mated according to this scale : the numerical values of these sides, 
for all values of the angle A, from A = 0° up to A = 90 3 , the 
values increasing minute by minute, are arranged in the table, 
the values of m C, Am, under the heads of sine and cosine of tho 
angle A ; and the values of B T, A T under the heads of tangent 
and secant of the same angle. 

It follows, therefore, whatever right-angled triangle we may 
have to consider in actual practice, that the numerical values of 

b 3 
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the sides of two right-angled triangles, similar to it, 'will always 
be found already computed for us in the table. For instance, 
suppose we were dealing with a right-angled triangle of which 
the angle at the base is 34° 27' ; we turn to the table for 34° 27', 
this particular value of the angle A, and against it we find, under 
the head Sine, the number for wiC, and under the head Cosine , 
the number for Am ; and we know already that the number for 
AC is 1, Thus we know completely the numerical values of all 
the sides of a triangle AmC similar to that proposed for consi- 
deration : these values, as furnished by the table, are 
mC =•56569, Am =*82462, and AC=1; 
or, using the trigonometrical names by which these are called, 
sin 34° 27'=-565G9, cos 34° 27'=-82462, and rad = 1. 

Now although these tabular numbers are all abstract numbers, 
yet there is no hindrance to our regarding them as so many feet, 
or yards, or miles, provided only we take care to regard the radius 
as 1 foot, yard, or mile. 

Again referring to the table for the particulars connected with 
the other similar triangle A B T, we find 

B T = ‘68600, AT = 1-2126S, and AB=1 
or, using the language of the table, 

tan 34° 27'=’68600, sec 34° 27'=1-21268, rad=l. 



Suppose the hypotenuse of the triangle proposed to us is 56 feet, 
then comparing our triangle with the tabular triangle A Cm, of 
which the hypotenuse is 1 foot, we know that, as the hypotenuse 
of the proposed triangle is 56 times the hypotenuse A C, the per- 
pendicular of the former must be 56 times Cm, and the base 56 
times Am : hence 

56 sin 34° 27'= the required perpendicular, 
and 56 cos 34° 27'= the required base. 



The work is as below — 

sin 34° 27'= -56569 
56 



cos 34° 27'=-82462 
56 



339414 494772 

282845 412310 



The perpendiculars 31 -67864 feet The basc=46-l7S72 feet. 



We see by this illustration, that of the two tabular triangles 
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AwiC, A B T, we do not take either, at random, to compare with 
the triangle under consideration : — we select that of the two in 
which the radius (1) corresponds to the side whose length is given. 
Such a selection is always to be made. If, for instance, the base 
of a right-angled triangle be given — say equal to 47 feet, and it 
be required, from this and the angle at the base — say 34° 2.7', as 
• before, to compute the perpendicular and hypotenuse, we then 
refer to the table for the triangle A B T ; because in this it is the 
base that is 1 : we thus have 



47 tan 34° 27'= the required perpendicular, 
and 47 sec 34’ 27'= the required hypotenuse. 



the work being as follows : 

tan 34° 27'=‘686 
47 



4802 

2744 



47 sec 34° 27'=47=cos 34’ 27' 

•8246)47 (57 ft. the hypotenuse. 

41230 



The perpendicular 32 - 242 feet. 



57700 

57722 



These illustrations will, we think, suffice to convey to the 
learner a clear idea of the use of a table of natural sines, cosines, 
&c., in the solution of right-angled triangles; and we may, there- 
fore, proceed at once to discuss the several cases that occur in 
practice. To oblique-angled triangles we shall devote a distinct 
article ; but it may be well to apprise the learner, that nearly 
all the calculations concerning the course and distance sailed of a 
ship at sea, involve the consideration of right-angled triangles 
only. 

Solution of Right-angled Triangles. 

Of the six parts of which every triangle consists — the sides and 
the angles — any three, except the three angles, being given, the 
remaining three may be found by calculation. In a right-angled 
triangle one angle is always known, namely, the right-angle, so 
that it is sufficient for the solution that any two of the other five 
parts (except the two acute angles) be given. In a right-angled 
triangle, therefore, the given parts must be either 

1. A side and one of the acute angles; 
or 2. Two of the sides. 

The reason why a knowledge of the three angles of a triangle 
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will not enable us to find the sides, is that ull triangles that are 
similar to one another, however their sides may differ, have the 
three angles in any one respectively equal to the three angles in 
any other ; so that with the same three angles, an infinite variety 
of triangles may be constructed. 

It follows, therefore, that in every practical example that can 
occur, the given quantities must be such as to place the example 
under one or other of the following four cases : 

I. The hypotenuse and one of the acute angles given. 

II. The base or perpendicular, and an acute angle given. 

III. The hypotenuse and one of the other sides given. 

IV. The base and perpendicular given. 

We shall consider these four cases in order. 

1. The hypotenuse and one of the acute angles given. In 

the right-angled triangle in the margin, let the hypotenuse A B 

3 and the angle A at the base be given, 
j and let the numerical values of the 
three sides be denoted by a, b, c, these 
/ small letters corresponding to the large 

a .F _\ c letters denoting the opposite angles. 

0 W e are to compare this triangle with the 

tabular triangle having the same base angle A, and of which the 
hypotenuse is 1 : the perpendicular of this tabular triangle will be 
sin A, and its base cos A (see diagram, p. 5). And since our 
given hypotenuse is c times that of the tabular triangle, th 6 
perpendicular of our triangle must be c times that in the table, 
and the base, c times the tabular base ; that is to say, for the 
required perpendicular and base we shall have 
a — c sin A, and b = c cos A. 

If, however, the vertical angle B were given instead of the base 
angle A, then, since these angles are the complements of each 
other, we should have sin A=cos B, and cos A=sin B, so that 
a = c cos B, and b = c sin B. 

Hence we deduce the following rule : 

Rule 1 . For the Perpendicular. — Multiply the given hypotenuse 
by the sine of the angle at the base, or by the cosine of the ver- 
tical angle. 

2. For the Fuse. — Multiply the given hypotenuse by the cosine 
of the angle at the base, or by the sine of the vertical angle. 
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EXAMPLES. 

1. In the right-angled triangle A B C are given the hypotenuse 
c = 48 feet, and the angle A = 37° 28', to find the perpendicular 
a, and the base b, as also the angle B. 

siu 37° 28'=‘6033 cos 37° 28'='7937 

A + B=90° 48 48 

A=37° 28' 



B=52° 32' 



48604 

24332 

a=r29 , 1984 feet. 



63496 

31743 

6=3S-0976 feet. 



2. Given c=63 yards, and A=24° 19'; to find a and b, as 
also B. 

sin 24° 19'=-4118 
A + B=90° 63 

A=24° 19' 



oos 24° 19'=‘9113 
63 



B=C5° 41' 



12354 

24708 



a=25 - 9434 yards. 



27339 

54678 

5=57'4119 yards. 



3. Given the vertical angle B=33° 12', and the hypotenuse 
c=98 feet, to find the remaining parts of the triangle, 
cos 33° 12'=-8368 sin 33° 12'= -5476 

98 * 98 



66944 

75312 



43803 

49284 



a= 82 - 0064 feet 



5 =53 ‘6648 feet. 



Also A=90° — 33° 12'=56° 48'. 

In the foregoing operations only four decimal places have been 
taken from the table — a number of places amply sufficient for all 
the purposes of Navigation. 

Note. — The learner Anil not forget that when one acute angle 
of a right-angled triangle is given, the other is virtually given, 
being the complement of the former ; whenever therefore a side 
and an acute angle are given, we may always regard the angle 
adjacent to the given side as given. Now it will save the neces- 
sity of all reference to diagrams and formula) or rules, if with the 
vertex of this adjacent angle as centre, and the given side as 
radius, we conceive an arc to be described, and notice whether 
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the required side becomes a sine, a cosine, a tangent, or a secant ; 
for, •whichever of these it is, that is the name of the trigono- 
metrical quantity to be taken from the table, for a multiplier of 
the given side, in order to produce the required side. The table 
is, of course, to be entered with that angle whose vertex is thus 
taken for centre. 

4. The hypotenuse of a right-angled triangle is 38 feet, and 
the angle at the base 27° 42' : required the other sides, and the 
vertical angle. 

Ans. a=17-G62 feet, 6=33-643 feet. B=62° 18'. 

5. The hypotenuse is 76 feet, and the vertical angle 43° IS' : 
required the perpendicular and base. 

Ans. a=55-313 feet, 6=52-121 feet. 

6. The hypotenuse is 521 feet, and the vertical angle 36° 6': 
required the other sides. 

Ans. a=420-97, 6=306-97 feet. 

II. Base or perpendicular and one of the acute angles given . — 
Let the base AC and the angle A be given : then we have to com- 
pare our triangle with that one of the two similar tabular triangles, 
whose base (tho radius) is 1. The perpendicular of this tabular 
triangle will be tan A, and its hypotenuse sec A. (See diagram 
p. 6). And since our given base is b times that of the tabular 
triangle, our required perpendicular must be b times that of the 
tabular one, and our required hypotenuse also b times that of 
the tabular one, hence the required perpendicular and hypotenuso 
will be 

a—b tan A, and c=b sec A. 

If it be the vertical angle B that is given instead of the base 
angle A, then since 

cot B=tan A, and cosec B=sec A, 

wo shall have 

a—b cot B, and c—b cosec B. 

In the Tables, the secants and cosecants are frequently omitted, 
because from the fact that secant is 1 divided by cosine, and cose- 
cant 1 divided by sine, they may be dispensed with. (See p. 7.) 
Making, therefore, these substitutions for secant and cosecant 
above, and remembering also that cotangent is 1 divided by tan- 
gent, the values of a and c may be expressed thus : 
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a — 6 tan A, and c 
i 



a=- 



tan B 



and c = 



b 

cos A 
6 

sin B 



and these expressions furnish the following rules : 

Rule 1. For the perpendicular . Multiply the given base by the 
tangent of the base angle : or divide it by the tangent of the ver- 
tical angle. 

2. For the hypotenuse. Divide the given base by the cosine of 
the base angle : or by the sine of the vertical angle. 



Note. — As either of the two sides may be considered as base, 
if the perpendicular be given, namely, CB instead of AC, we have 
only to conceive the triangle to be turned about till base and per- 
pendicular change positions, and then to apply the rule. (See 
also the Note at p. 13, the directions in which will enable the 
learner to dispense with formal rules). 



EXAMPLES. 



1. At the distance of 85 feet from the bottom of a tower, the 
angle of elevation A of the top is found to be 52° 30' : required 
the height of the tower. 

Here the base and the base angle are given to find the perpen- 
dicular, as in the margin. Hence tan 52° 30'= 1-3032 
the height of the tower may be 
concluded to be 110| feet. 



85 

65160 

104256 



Height=110-7720 feet. 



If the angle of elevation A, be taken not from the horizontal 
plane of the base of the tower but from the eye, by means of a 
quadrant or other instrument, then, of course, the height of the 
eye above that plane must be added. If in the present case the 
height of the eye be 5£ feet, then the height of the tower will be 
116 feet. 

2. Required the length of a ladder that will reach from the 
point of observation to the top of the tower in the last example. 
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Here the base and base angle are given to find the hypotenuse, 



as in the margin. We con- 


cos 52° 30'=-60, 8,8)85 


clude, therefore, that the 


609 


length of the ladder must 


241 


be 140 feet nearly. 


243 



The division in the margin is what is called contracted division, 
which saves figures, and which may always be employed for this 
purpose whenever the divisor has several decimals. (See the 
Rudimentary Arithmetic.) The learner may easily prove the 
correctness of the two results in this and the former example by 
applying the principle of the 47th proposition of Euclid’s fifth 
book, namely, that in a right-angled triangle the hypotenuse is 
equal to the square root of the sum of the squares of the other two 
sides: thus — 



85 


110-8 


Square of perp. = 12277 


85 


110-8 


Square of base = 7225 


425 


8864 


19502(140 


G80 


12188 


1 


7225 


12276-64 


24) 95 



96 

.*. Hypotenuse = 140 ft. nearly. 



Minute decimals are of course disregarded in all practical opera- 
tions of this kind. 

3. From the top of a ship’s mast, 80 feet above the water, the 
angle of depression of another ship’s hull was found to be 4 3 : re- 
quired the distance between the ships. 

The angle of depression is the angle between the horizontal 
line from the mast-head, and the slant line from the same point 
to the distant ship. The complement, therefore, of this angle is 
the angle B of the triangle ABC (p. 12), where A is the distant 
ship, and B the mast-head whence the angle of depression is 
taken. The angle B, therefore, is 90° — 4°=86°, and the perpen- 
dicular or side, BC, adjacent to this being given, we have for AC 
the value b = a tan B=S0 tan 86°, and the tan 8G°— 14-3007 
work is as in the margin, from which it ap- 80 

pears that the distance is 1144 feet. 1144-056 

4. From the edge of a ditch 1 8 feet wide, and which surrounded 
a fort, the angle of elevation of the top of the wall was found to 
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be 62° 40' ; required the height of the wall, and the length of a 
ladder necessary to scale it. 

Here A=62° 40' and b =18 : to find a and c. 



tan 62° 40'= 1-9347 


cos 62° 40'= -4,5,9,2)18 


18 


1378 


154776 


422 


19347 


413 


«=34-8246 feet 


9 



9 



Hence the height is 34-8 feet, and the length of the ladder 39-2 
feet. 

5. A flagstaff, known to be 24 feet in length, is observed to 
subtend an angle of 38' at a ship at sea, and the angle of elevation 
of the cliff on the edge of which the staff is planted is also observed 
to be 14°. What is the distance of the ship from the cliff? 

The distance or base of the triangle being b, it is plain that, — 

b tan 14° 38'=the height of the top of the staff, 
and b tan 14°= ,, ,, cliff, 

.-. b (tan 14° 38'— tan 14°)=length of staff=24 feet. 

.*. b= — feet. 

tan 14° 38' — tan 14° 

tan 14° 38'= -261 10 

tan 14° =-24933 

•01,1,77)24 (2039 feet, the distance. 

2354 

46 

35 

11 

11 

6. Given the base 73 feet, and the angle at the base 52° 34', to 
find the perpendicular and hypotenuse. 

Ans. perp.=95-365 ft., hyp.=120 - 097 ft. 

7. Given the base 327 feet, and the vertical angle=35° 43' ; 
required the perpendicular and hypotenuse. 

Ans. perp. 454-8 ft., hyp. 560 feet. 

8. From the top of a castle 60 feet high, standing on the edge 
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of a cliff, the angle of depression of a ship at anchor was observed 
to he 4° 52'. From the bottom of the castle, or top of the cliff, 
the angle of depression was 4“ 2'. Required the horizontal dis- 
tance of the ship, and the height of the cliff.* 

Ans. dist. of ship 4100 feet, height of cliff, 289 ft. 

9. The base of a right-angled triangle is 3461 feet, and the 
opposite angle 54° 36'; required the perpendicular and hypo- 
tenuse. Perpendicular 246-2 ft., hyp. 425-1 ft. 

III. The hypotenuse and one of the other sides yiven, — Repre- 
senting the perpendicular, base, and hypotenuse by a, 1, and c, as 
before, we have seen (p. 12) that : — 

a=c sin A, and b=6 cos A. 

/. sin A=—, and cos A = — 
c c 

and these expressions give the following rule : — 

Rule. — Divide the perpendicular by the hypotenuse, the 
quotient will be the sine of the angle at the base. Divide the base 
by the hypotenuse, the quotient will be the cosine of the angle at 
the base. A reference to the table will, in either case, give the 
angle itself. An angle being thus found, the remaining side of 
the triangle becomes determinable by either of the foregoing rules. 
Or, without first finding an angle, the remaining side of the 
triangle may be computed from Euclid 47, I ; for since by that 
proposition, a--\-b-=c-. 

a— V (c 5 — 6") and 1= V(<? — a-) 

or, which is the same, a—V j (c + b) (c — b) j and 1= V j (c + a)(c — a) ^ 

EXAMPLES. 

1. In a right-angled triangle are given the perpendicular a= 
192 feet, and the hypotenuse crz240 : to find the angles A, B, and 
the base b. 

The work is as follows : — 

For the anyle A. For the base b. 

240)192(-8=sin 53° 8' cos 53° 8'= -6 

192 and 240 X -6=144=1. 

.-. A=53° 8'. .\B=90° — 53° S'=36° 52', and 1=144 feet. 

* The learner will recollect, from Euclid, 29, I., that the angle of 
depression of a point A from an elevated point B, is equal to the angle of 
elevation of B from A. 
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To find the base b, without first computing the 20736(144 
angle A, we have 1 

6= a/ j (c + a) ( c—a ) j = a/ j 432 x 43 | = a/20736 24 ) 107 



The operation for this square 


root is in the 284)1136 


margin. 


1136 


2. Given the hypotenuse e=54-6S feet, and the base 6=35 


to find the angles A, B, and the perpendicular a. 


For the angle A . 


For the perpendicular a. 


5,4/6,8)35-5 -(6492=cos 49° 


31' sin 49° 31'=-7606 


32808 


54-68 


2692 


•7606 


2187 


32808 


505 


32808 


492 


38276 


13 


0=41-589608 feet. 


11 





A=49° 31'. /. B=90° — 49= 31'=40°29', and a=41-6 feet. 



In computing a, as above, it is plain that several 54-68- 

more decimals are calculated than are at all necessary ; 6067 

the contracted method, as exhibited in the margin, 38276 

dispenses with these superfluous figures (see the ltu- 3281 

dimentary Arithmetic). 32 



41-589 



To find a independently of the angle A, we have 



«=a/ !; (c + 6) (c — 6) | =-/■ 90-18 + 19-18 | = a/1729-- 



6524. 



The extraction of this square root is 
exhibited in the margin. And the 
agreement of the two results is a sufficient 
confirmation of the accuracy of all the 
operations. 



1729-6524(41-589. 

16 

81) 129 
81 

825)4865 

4125 

8308) 74024 
66464 

7560 
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3. Given the hypotenuse c= 200 feet, and the base 5=118 feet, 
to iind the angles A, B, and the perpendicular a. 

Ans. A=53 3 51', B=36° 9', a=161-5 feet. 

4. Given the hypotenuse c=645 feet, and the perpendicular a= 
407-4 feet, to find the angles A, B, and the base 5. 

Ans. A=39° 10', B= 50° 50', 5=500 feet. 



IY. The base and perpendicular given . — The letters denoting 
the sides and angles being as before, we have already seen 
(p. 14) that — 

a = b tan A tau A = — — ! 

^ | and C— ( a- + b-) 

Also 5 = a tan B .’. tan B = ~ 



The rule therefore is as follows : — 

Rule. — Divide the perpendicular by the base ; the quotient 
will be the tangent of the angle at the base ; or, divide the base 
by the perpendicular ; the quotient will be the tangent of the 
angle at the vertex. An angle being found, the hypotenuse may 
be computed as already taught ; or, from the general expression 
for c, above, without the aid of an angle. 



EXAMPLES. 



1. Given the base 5=35’5, and the perpendicular a=41 *6, to 
find A, B, and c. 



For the angles A and B. 
35-5)41-6(1-1718 = tan 49° 31' 
355 90° 

61 .-.Bl=40 o 29' 

355 

255 

2485 

65 .'. A=49° 31', 

355 

295 

2840 



For the hypotenuse, 
c—b 4- cos A. 

cos. A= -6^9,2)35 -5 (54-68 



32460 

3040 



2597 

443 

B=40° 29', c=54-6S ft. 339 
54 
51 



The same value of c will be given by the formula c = V {a- + b") 

2. Given <1=7534 yards, and 5=3987 yards, to find A, B, 
and c. Ans., A=62°12', B=27°48', c=8550£ yards. 
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3. Given the base of an isosceles triangle equal to 71 feet, and 
the altitude equal to 41 ‘6 feet : required the other parts. 

Ans., base angles each =49°31', vertical angle =S0 : “ 
58', each of the equal sides 54'68 feet. 

The preceding rules and practical illustrations exhibit, with 
all necessary fulness, the arithmetical operations which we would 
recommend always to be adopted by navigators and surveyors 
in the solution of right-angled triangles. Persons engaged in 
calculations of this kind, almost invariably use logarithms ; the 
work is certainly thus made to appear, in general, somewhat 
shorter, but a little experience will prove that this greater brevity 
is attended with an increased consumption of time. The object 
of logarithms is not so much to save figures as to save time and 
trouble, and this latter object they signally effect in all the 
computations of trigonometry, except in those confined to right- 
angled triangles ; and as before remarked, it is with right-angled 
triangles, almost exclusively, that seamen have to do in calcu- 
lating the course, distance, &c., of a ship at sea. 

Keeping, therefore, the special purposes of the present rudi- 
mentary treatise in view, we shall discuss the subject of oblique- 
angled triangles with less amplification. The following article 
on logarithms must, however, be previously studied, not only 
on account of the use of these numbers in the solution of oblique- 
angled triangles, but also because a familiarity with logarithms 
is indispensable in the operations of nautical astronomy. 



On Logarithms. 

Logarithms are a set of numbers contrived for the purpose of 
reducing the labour of the ordinary operations of multiplication, 
division, and the extraction of roots, and they are of especial service 
in most of the practical inquiries of trigonometry and astronomy. 

In what has been delivered in the foregoing article, the 
arithmetical operations referred to, multiplication and division, 
have entered in so trifling a degree, that no irksomeness can 
have been experienced in the performance of them, and, therefore, 
the want of any facilitating principle cannot have been felt. 

But the learner will readily perceive that if the work of any 
of the examples just given had involved the multiplication toge- 
ther of two or three sines or cosines, or successive divisions. 
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by these, the calculations would hare become tedious, and the 
risk of error, in dealing with so many figures, increased. 2fow 
as it is the main object of logarithms to convert multiplication 
into addition, and division into subtraction, the value of these 
numbers in computations such as those just mentioned is obvious. 
We shall in this article briefly show how the conversion alluded 
to is effected. 

Two principles fully established in algebra will have to be 
admitted. (See Hudimentary Algebra). 

1. That if N represent any number, and x and y any expo- 
nents placed over it, agreeably to the valuation for powers and 
roots, then, 

N x x NJ'=N*+s', and N*-rN»=N*-» 



2. That N being any positive number greater than unity, and 
n also any positive number chosen at pleasure, we can always 
determine the exponent a- so as to satisfy the condition, N*=n. 

This last truth being admitted, it follows that every positive 
number («) can be expressed by means of a single invariable 
number (N) with a certain suitable exponent [x) over it. For 
example, let 10 be chosen for the invariable number N, and let 
any number, say the number 5862, be chosen for n. Algebra 
teaches that the value of x that satisfies the condition 10*= 5862 
is 2=3-768046, so that 



3*703010 1UOOUOOO 

10 =5862, that is 10 =5862 



so that if the power of 10, denoted by the numerator of the 
exponent, were taken, and then the root of that power, denoted 
by the denominator, were extracted, the result would be the 
number 5862. It is the exponent of 10 just exhibited, namely, 

3- 768046, that is called the logarithm of the number 5862. 

In like manner, if any other value be chosen for ti, algebra 
always enables us to find the proper exponent to be placed over 
the base 10 to satisfy the condition 10*=n : thus — 

_ 2*51 »C48 _ 3*07 76D8 4*800524 

10 =327, 10 =4761, 10 =73540 

so that log 327 = 2-51454S, log 4761 = 3-67769S, log 73540 = 

4- 866524. 

A table of the logarithms of numbers is nothing more than a table 
of the exponents of 10 placed against the several numbers them- 
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selves. Any number above unity, other than 10, might serve 
for the base of a system of logarithms, but there are peculiar 
advantages connected with the base 10 which have recommended 
it to general adoption. 

The actual construction of a table of logarithms, notwithstand- 
ing the appliances of modern algebra, is a work of very consider- 
able labour ; but this labour once performed, arithmetical com- 
putations, that would otherwise be nearly impracticable, . can 
be easily managed by the aid thus afforded, as we shall now see. 
Adverting to the first of the above algebraical propositions, we 
know that 

10* x 1 0 y =10- r + y , and 10 I -j-10»=10 T ->'. 

The first equation shows that the logarithm of the product of 
two numbers is the sum of the logarithms of the factors or numbers 
themselves, and the second show's that the logarithm of the 
quotient of two numbers is the difference of the logarithms of the 
numbers themselves. 

Hence if we have to multiply two numbers together, we look 
in the table for the logarithms of those numbers, take them out 
and add them ; the sum we know must be the logarithm of the 
product sought, which product we find in the table against the 
logarithm. If we have to divide one number by another, we 
subtract the logarithm of the latter from that of the former, the 
remainder is the logarithm of the quotient , against which in the 
table we find inserted the quotient itself. 

If several factors arc to be multiplied together, then the loga- 
rithms of all are to be added together to obtain the logarithm of 
the product; and in the case of successive divisions, the log- 
arithms of all the divisors are to be added together, and the sum 
subtracted from the logarithm of the proposed dividend; the 
remainder is the logarithm of the final quotient. The logarithmic 
operation for finding a product, at once suggests that for finding 
a power which is only a product raised from equal factors. If 
the power arises from p factors each equal to n, then it is plain 
thatyj log n must be the logarithm of that power, that is log «''= 
p log n. If instead of a power of a number W'e have to compute 
a root, the pth root of n, then representing this root by r, that is 
putting, 

n p = r, we have n = r p .’. log n — p log r log r = - log a. 



Digitized by Google 




24 



INTRODUCTION. 



Even if the root were still more complicated, as for instance, 

vt 

then, as before, representing it by r, we have 

n f =r n m — r* m log n — p log r log r = ^log n 

We thus derive the following practical rules for performing 
the more troublesome operations of arithmetic by logarithms. 

Multiplication. — Take the log of each factor from the table and 
add them all together: the sum will be the log of the product. 
Refer to the table for this new log and against it will be found 
the number which is the product. 

Division. — Subtract the log of the divisor from that of the 
dividend : the remainder is a log against which in the table will 
be found the quotient. 

Powers and Roots. Multiply the log of the number whose power 
or root is to be found, by the exponent denoting the power or root, 
whether it be integral or fractional ; the product will be a log 
against which in the table will be found the power or root sought. 
It may be proper to mention here that the decimal part only of 
the logarithm of a number is inserted in the table ; there is no 
occasion to encumber the table with the preceding integer when 
the log has one, as this may always be prefixed without any such 
aid ; and this is the principal advantage of making the number 10 
the base of the table ; for since 

10 ] = 10, 10 2 =100, 10 3 =1000, 10^=10000, &c., 

we see at once, 1st, that the log of a number consisting of but 
a single integer, however many decimals may follow it, being 
less than 10, cannot have its log so great as 1 ; hence the integral 
part of the log of such a number must be 0. 2nd, that the log of 
a number consisting of two integral places, with decimals or not, 
that is, a number between 10 and 100, must lie between 1 and 2 ; 
hence the integral part of the log of such a number must be 1. 
3rd, that the log of a number having three integral places, 
or lying between 100 and 1000, must have 2 for its integral part. 
Hence when any number is proposed, we have only to count how 
many integer places there are in it : the figure expressing the 
number of places, minus 1, will be the integral part or charac- 
teristic as it is sometimes called, of the log of the proposed number, 
and the proper decimals may then be united to it from the table. 
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Thus, as 235-6 consists of three integer places, the integral part 
of its log is 2 ; as 4368 consists of four places, the integer part of 
its log is 3, and so on. By referring to the table for the proper 
decimal parts we find 

log 235-6=2-372175, and log 4368 = 3-640283. 

The tables here referred to are those published in the Rudi- 
mentary Series, under the title of “ Mathematical Tables,” to 
which is prefixed a much more comprehensive account of loga- 
rithms and their construction than is suitable for this place, and 
to which, therefore, the learner is referred for all additional infor- 
mation necessary. 



j Rules and Formula; for the solution of oblique-angled Triangles. 

The present article will be entirely practical. The space which 
this introductory chapter has already occupied forbids that further 
extension of it which a full discussion of the theory of oblique- 
angled triangles would demand, and which, in fact, is already 
accessible to the learner in the Rudimentary Trigonometry (chap- 
ter iii.). We might, indeed, have been justified in omitting the 
preliminaries on which we have been dwelling altogether, and have 
contented ourselves with a general reference, on these points, to 
the work just mentioned. But books on Trigonometry not having 
any special practical object in view — as we have in the present 
treatise — are generally deficient in that amount of mere arith- 
metical illustration which he who is in training for actual practioe 
so much requires. And in such examples as are given in these 
books the writers usually consider each case as one in which the 
utmost attainable accuracy of result is to be secured, and they 
accordingly calculate their angles to seconds. Such refinements 
are worse than' useless in Navigation; they tend to mislead the 
calculator, and to beget a false confidence in his conclusions : there 
are always errors in the data , practically unavoidable, which 
render the results of the computations founded upon them at best 
but approximations to the truth. It is the business of Nautical 
Astronomy to sxipply the short-comings of Navigation, and to 
rectify its inaccuracies. 



c 
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Rules and Formula; for Oblique-angled Triangles. 

In the solution of oblique-angled triangles there are three cases, 
and only three cases, to be considered. The data or given parts 
must be either, — 

1. Two angles and an opposite side, or two sides and an opposite 

angle. 

2. Two sides and the included angle. 

3. The three sides ; to find the other parts. 

I. Given either two angles and an opposite side, or two sides and 
an opposite angle. 

Rule. If two sides are given, then the side opposite the given 
angle is to the other side as the sine of that given angle to the 
sine of the angle opposite the latter side. If two angles are given, 
then the sine of the angle opposite the given side is to the sine of 
the other given angle as the given side to the side opposite the 
latter angle. 

This is more briefly expressed by the precept that the sides of 
triangles are to one another as the sines of the angles opposite to 
them : or by the formula 

a : b : : sin A : sin B 

where a, b stand for any two sides, and A, B for the angles oppo- 
site to them (Rudimentary Trig. p. 52). The first and third 
terms of this proportion are always the two given parts opposite to 
each other : when an angle is to be found, the first term of the 
proportion is a side ; when a side is to be found, the first term is a 
sine. 

Note. It is proper to apprise the learner before he proceeds to 
logarithmic operations, that the log sines, log cosines, &c., are 
all computed on the hypothesis that the numerical value of the 
trigonometrical radius is not 1 but 10 10 ; so that the log of this 
radius is 10. In consequence of this change, every log sine, log 
cosine, &c., is the logarithm of the natural sine, cosine, &c., 
increased by 10. 

Example. Given two sides of an oblique-angled triangle, 336 
feet and 355 feet, and the angle opposite the former 49° 26' : re- 
quired the remaining angles? 
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Here are given a=336, 6= 355, and A =49’ 26', to find B. 

As «=336, of which the log is 2-52634 to be subtracted. 

: 6=355, „ „ 2-55023 

: : sin A, 49 c ' 26' „ „ 9-88061 

12-43084 

: sin B, 53° 23' „ ,, 9-90450 Remainder. 

In this operation the log at the top is subtracted from the sum 
of the two logs underneath, since, in logarithms, addition supplies 
the place of multiplication, and subtraction that of division. 
But, by a simple contrivance, the subtractive operation may bo 
dispensed with, and the whole reduced to addition. The following 
is the plan adopted to bring this about; the subtractive log 
2-52634, being before us in the table, instead of copying it out, 
figure by figure, we put down what each figure wants of 9, until 
we arrive at the last figure (in the present case 4), when we put 
down what it wants of 10. Thus, commencing at the 2, we write 
down 7 ; passing to the 5, we write down 4, to the 2, we write 7 ; 
to the 6, we write 3 ; to the 3, we write 6 ; and arriving at the 4, 
we write 6 ; so that, instead of the logarithm 2-52634, we write 
down 7-47366, which is evidently what the logarithm itself wants 
of 10 ; in fact, in proceeding as just directed, we have been 
merely subtracting, in a peculiar way, 2-52634 from 10, the re- 
mainder being 7-47366 : this remainder is called the arithmetical 
complement of 2-52634 ; and a little practice will render it quite 
as easy, by looking at the successive figures of any log, to write 
down the arithmetical complement of that log as to copy out the 
log itself. Now, if, in the foregoing work, we had omitted to 
introduce the subtractive log 2-52634, our result 12-43084 would 
have been erroneous in excess by 2-52634 ; and if, in addition to 
suppressing this subtraction, we had actually added the comple- 
ment 7-47366, the result would obviously have erred in excess by 
10, an error very easily allowed for by the dismissal of 10 from the 
total amount. And this is the plan always adopted, so that instead 
of the above, the work would stand as below : 

As a=336, arith. comp. 7-47366 
: 6=355 . . . 2-55023 

: : sin A, 49° 26' . . .9-88061 

: sin B, 53° 23' . . . 9-90450 

c 2 
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The result, 10 being suppressed, is the same as before, and a 
row of figures is dispensed with. 

We shall give another example, worked out in this way. 

2. Given one side of a plane triangle 117 yards, and the angles 
adjacent to it 22° 37' and 114° 46' : required the other parts ? 

The sum of the two given angles being 137° 23', the third angle 
is 180’ — 137° 23'=42° 37', the angle opposite the given side. 
Hence we have A=42° 37', B=22° 37', and a=117. 

As sin A, 42° 37' aritli. comp. 0-16935 
: sin B, 22° 37' . . . * 9-58497 

::a=117 .... 2-06819 

: 6=66-45 .... 1-82251 

It remains now to find the third side c, for which purpose we 
have given A=42° 37', C=114° 46', and «=1 17. 

As sin A, 42° 37' arith. comp. . . . 0-16935 
: sin C, 114° 46' (supplement=65° 14') 9-95810 



: : a=117 2-06819 

: c=156-9 2-19564 



Note. The case in which the given parts are two sides and an 
angle opposite to one of them is, in certain circumstances, a case 
of ambiguity .- in other words, there may be two different triangles 
having the same two sides and opposite angle in common, and the 
remaining three parts in each different, so that we may be in 
doubt as to which of the two triangles is that to which the given 
parts exclusively refer. 

Thus let A B C be a triangle, and C A 
such that the arc A A', described from C as 
centre, and with C A as radius, may cut 
B A prolonged in A'. It is plain that the 
B c two triangles, A B C, A' B C, will have the 

two sides C A, C B, and the angle B in the one, the same as 
the two sides C A', C B, and the angle B in the other. 

The angle B and the side C A or C A' opposite to it being 
given, the rule would determine the sine of the angle A or 
A' opposite the other given side. The angle connected with a 
sine in the table is acute, but we know that the obtuse angle 
which is its supplement has the same sine, so that in the am- 
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biguous case the acute angle has no more claim to selection 
than the obtuse angle. It is plain that in the above diagram the 
angles B A C and A' are supplements of one another, inasmuch 
as B A C and C A A' are, and C A A', C A' A are equal. 

If, however, the given angle B be obtuse, then there can be no 
ambiguity, since both the remaining angles must be acute. 

Neither can there be any ambiguity if, B being acute, the side 
opposite to it is greater than the other given side ; for the greater 
side being opposite to the greater angle, the angle whose sine is 
determined by the rule must be also acute, and less than the 
given one. 

It thus appears that the ambiguity can have place only when 
the given angle is afiute, and the side opposite to it less than the 
other given side. In these circumstances all we can say is, that 
the sought angle is either that furnished by the tables o* its 
supplement. But in actual practice it can but seldom happen 
that we are so unacquainted with the form of our triangle, as to 
be in doubt as to whether the angle in question is acute or 
obtuse. 



II. Given two sides and the included angle. 

Rule. — As the sum of the two given sides 
Is to their difference, 

So is the tangent of half the sum of the opposite angles 
To the tangent of half their difference. 

Or, expressed in Algebraic symbols instead of words, the rule 
is,— 

« + b : a ~ h : : tan 4 (A + B) : tan i (A ~ B) 

the given parts being a, h, and C, and consequently A + B, since 
A + B = 180° — C, or i (A + B) = 90° — £ C. The last term 
of the proportion being found, a reference to the table gives us 
£(A B), which added to £ (A + B) gives the greater of the 

two angles A, B ; and subtracted from \ (A + B) gives the less. 
Example. Given two sides of a triangle equal to 47 and 85 
respectively, and the angle between them 52° 40', required the 
remaining parts — 

Here a — 85, b = 47, C = 52° 40' 

. ; . $ (A + B) = 90° — 26 ° 20' = 63° 40' ; 
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Also 0 + 6 = 132, and a — b = 38. 

As a + b = 132 arith. comp. . 7 '87943 

: a — b = 38 ..... 1-57978 

: : tan £ (A + B), 63° 40' 1 0-30543 

: tan J (A — B) , 30 J 11' 9-76464 

The greater angle A = 93° 51' 

The less angle B = 33° 29' 

"We have now to determine the side c, as follows : — 

As sin B, 33° 29' arith. comp -25830 



: sin C, 52° 40' 9-90043 

: : b = 47 1-67210 

: c = 67-74 1-83083 



HI. Given the three sides. 

For the solution of this case it is better to work from a formula 
than from any rule expressed in words. There are two formulae 
adapted to logarithmic computation, and these very readily fur- 
nish a third. It is generally matter of indifference which of the 
three be employed, at least as respects accuracy of result ; the 
second of them is, however, a little preferable on the score of 
brevity. In certain extreme and therefore unusual instances, 
however, one form is to be preferred to another to secure greater 
precision, as will be noticed presently. Let .s stand for half the 
sum of the three sides, that is, let s = ^ (a + b + c) then — 

siniA=^(lZl_ 6 HiZli) . . (1) 

1 be w 

cos i A = a/ S ( s ~~ -fl . . . (2) 

be 

And dividing the first of these by the second, recollecting that 
sine divided by cosine gives tangent, we have for a third 
formula — 

tan U = V ^ ~ b ) . . (3) 

8 (S fl) 

If the angle A, to be determined, is foreseen to be so small as 
to amount to only a few minutes, then £ A had better be derived 
from the first formula or the third instead of from the second, 
because the cosines of angles differing but little from 0°, differ 
themselves by so small a quantity that the five or six leading 



Digitized by GoogI 




INTRODUCTION'. 



31 



decimals may equally belong to several consecutive cosines, so 
that if our table be limited to this extent of decimals, we shall 
fiud a succession of small angles with the same cosine against 
each, so that if we enter the table with this cosine, we shall be at 
a loss which of these small angles to select. 

If the angle A be very near 180°, and therefore J A very near 
90°, then the second formula will be preferable to the first, because 
very near 90° the sines differ from one another only in their 
remote decimals. 

These niceties, however, are only worth attention in cases 
where the minutest accuracy is desirable : in Navigation any one 
of the above formulae is just as good as another. 

Example. — The three sides of a triangle are — 

a = 195, b = 216, c = 291, 



required the angle A? 

By Formula (1). 
a =195 

5=216 arith. comp. 7'6C555 
c=291 arith. comp. 7 '5301 L 

2)702 

*=351 

*—6=135 .... 2-13033 
« — c= 60 ... . 1-77815 

2)19-11014 

sin J A 21° 2' . . . 9 55507 

2 

A=42° 4' 



By Formula (2.). 
a= 195 

6= 216 arith. comp. 7‘66555 
c= 291 . . . . 7 53611 

2)702 

*= 351 . . . . 2-54531 

*— a= 156 . . . . 2-19312 

2)19-94009 

cos 4 A 21° 2' . . . 9-97005 

2 

A =42° 4' 



In each of the foregoing operations two arithmetical comple- 
ments are introduced, consequently the result of the addition is 
in each ease too great by 20 ; but after the division by 2 the final 
result is but 10 in excess, which additional 10 is necessary to 
complete the logarithmic sine, and cosine of the table (see p. 26). 
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THE PRINCIPLES OF NAVIGATION. 

The business of navigation is to conduct a ship from any 
known place on the surface of the globe, to any other she 
may be intended to reach ; as also to determine her posi- 
tion at any period of the voyage. The subject is divided 
into two distinct branches — Navigation proper, and Nautical 
Astronomy. It is with the former branch only that we are 
at present to be occupied : it comprehends all those opera- 
tions, tributary to the ultimate object, which are independent 
of an appeal to the heavenly bodies, and which are matters 
of daily routine on shipboard. 

If the direction in which a 6hip is sailing at any time, and 
the rate of her progress through the water, could always be 
measured with accuracy, there would be comparatively but 
little need for astronomical observations in navigating a 
vessel from one port to another ; but impelled by the wind 
and the waves — forces proverbially fickle and inconstant — 
the practical difficulties in the way of such accuracy of 
measurement are insuperable ; and therefore, as already ob- 
served, the mariner must content himself with approxima- 
tions only to the truth. But, fortunately for him, the tur- 
bulence of the ocean can never disturb the tranquillity of 
the skies ; and he knows that during all his own unavoidable 
aberrations from his proper path, the moon and the sun have 
never for an instant deviated from theirs. How the relative 
positions of these two bodies, or the position of the former in 
reference to the stars among which she moves, can enable 
the navigator to correct his own position, and thus, with 
renewed confidence, to start afresh, is an inquiry to be 
answered only by Nautical Astronomy. 
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CHAPTER I. 

DEFINITIONS. — INSTALMENTS. 

In Geography and Navigation the earth is regarded as a 
sphere. It is known from actual measurements at various 
parts of its surface to slightly differ from this : it is a little 
flattened at the poles, as a body constantly rotating on an 
axis may be expected to be. But the departure from 
sphericity is so trifling, that no practical error of any 
moment can arise from our treating the earth as a globe, 
in laying down geographical positions, and in framing 
directions for sailing over its surface. With a view to 
these objects, certain lines are imagined to be traced on the 
surface of the earth ; and on the artificial globes, on which 
the prominent features of this surface are depicted, the 
imaginary lines alluded to are actually drawn. Their defi- 
nitions, with those of certain remarkable points, are as 
follows : — 

Axis. — The axis of the earth is the diameter about which 
its daily rotation is performed ; the direction of this rota- 
tion is from west to east ; it is completed in twenty-four 
hours. 

Poles. — The two extremities of the axis are called the 
poles of the earth : that to which we, in these countries, are 
nearest, is the North Pole, the other is the South Pole ; as 
they are the extremities of a diameter, they are 180° 
apart. 

Eqdatob. — The equator is a great circle on the earth 
equally distant from the poles, dividing the globe into two 

c 3 
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equal parts, or hemispheres, — the northern hemisphere and 
the southern hemisphere. The poles of the earth are the 
poles of the equator, every point in this latter circle being 
90° (of a great circle) distant from either pole. It must be 
observed, that by a great circle is meant a circle of the 
sphere, having for its centre the centre of the sphere : no 
greater circle can be traced upon its surface; all other 
circles are called small circles. 

Meridians. — Every semicircle drawn from one pole to 
the other is called the meridian of every place on the earth 
through which it passes. Of all the innumerable meridians 
that may be imagined on the globe of the earth, one is 
always selected by every civilised kingdom as a principal, or 
first meridian ; it is usually that which passes through the 
national observatory : in this kingdom the first meridian is 
that of the Greenwich observatory, in France it is that of 
the Paris observatory. 

Latitude.— The latitude of any place on the surface of 
the earth is the distance of that place from the equator, 
measured in degrees and minutes on the meridian of that 
place. The latitude is north when the place is situated in 
the northern hemisphere, and south when it is situated in 
the southern hemisphere. The latitude of each pole is 90°, 
that of any other spot must be less than 90°. 

Parallels op Latitude. — Every small circle on the 
globe, parallel to the equator, is called a parallel of latitude ; 
every point on its circumference, being equally distant from 
the equator, has the same latitude. 

Difference of Latitude. — The difference of latitude of 
any two places is the arc of a meridian contained between 
the two parallels of latitude passing through those places. 
If the places are both on the same side of the equator, their 
difference of latitude is found by subtracting the less lati- 
tude from the greater : if the places are one on each side of 
the equator, their difference of latitude is found by adding 
the two latitudes together. 
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Longitude. — The longitude of any place on the earth is 
the arc of the equator, intercepted between the first meridian 
and the meridian of the place. If the place lie to the east 
of the first meridian it has east longitude, if it lie to the 
west it has west longitude. No place therefore can exceed 
180 ° in longitude, whether east or west. 

Difference of Longitude. — The difference of longitude 
of two places is the arc of the equator intercepted between 
the meridians of those places ; if the places lie both east, or 
both west, of the first meridian, the difference of longitude 
is found by subtraction ; but if one have east longitude and 
the other west, the difference is found by addition. 

Horizon. — A plane conceived to touch the surface of the 
earth at any place, and to be extended to the heavens, is 
called the sensible lwrizon of that place. And a plane 
parallel to this, but passing through the centre of the earth, 
is called the rational horizon of that place. The horizon, 
whether sensible or rational, is thus a plane ; but the re- 
mote bounding circle which, to an eye elevated above the 
surface of the ocean, appears to unite sea and sky, is that 
which mariners moi*fe commonly regard as the horizon, and 
call it the sea-horizon, or offing. The plane of this circle 
obviously dips below the planes of the sensible and rational 
horizons, and the amount of this depression is that which is 
called the dip of the horizon. 

The Compass. — The straight line in which the plane of 
the meridian of any place cuts the sensible horizon of that 
place, is called the horizontal meridian, or north and south 
line ; and the horizontal straight line, perpendicular to this, 
is the east and west line of the horizon. The sensible 
horizon is artificially represented by a circular card, on the 
under side of which is fixed a magnetised bar or Needle, 
in the direction of the north and south line, or horizontal 
meridian. The card being so suspended as to always remain , 
horizontal, and to turn freely about its centre, the tendency 
of the needle to point north and south causes the meridian 



Digitized by Google 




36 



THE COMPASS. 



line, on the upper surface of the card, to settle in the proper 
direction ; and the intervals between the four points E. W. 
N. S. — the four cardinal points as they are called — being 
subdivided, as in the annexed figure, the instrument is 
placed securely in a brass circular box or bowl with a glass 
cover, and hung upon brass hoops (gimbals), so that the 
horizontal position of the card may not be disturbed by the 
motion of the ship. This instrument is 



The Mariner’s Compass. 




The four quadrants into which the meridian line N. S., and 
the east and west line E.W., divides the rim of the card, are 
each subdivided into eight equal parts called points, so that 
each point is an arc of 11° 15', and this is further divided 
into quarter points. The outer rim of the card is divided 
into 360 degrees; the thirty-two points of the compass, 
and the angles at the centre which the corresponding 
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lines make with the meridian (neglecting quarters of 
minutes) are exhibited in the following Table : — 



NORTH. 


POINTS. 


ANGLES. 


SOUTH. 






1 


2° 49' 










4 


5° 37'4 










1 


8° 26' 






N. b. E 


N. b. W. 


l 


11° 15' 


S. b. E. 


S. b. W. 






n 


14° 4' 










H 


16° 52'4 










if 


19° 41' 






N. N.E. 


N. N.W. 


2 


22° 30' 


S. S.E. 


S.S.W. 






21 


25° 19' 






1 




24 


28° 7'4 










2f 


30° 56' 






N.E. b. N. 


N.W. b. N. 


3 


33° 45' 


S.E. b. S. 


S.W. b. S. 






31 


36° 34' 










34 


39° 22'4 










3f 


42° 11' 






N.E. 


N.W. 


4 


45° 0' 


S.E. 


s.w. 






41 


47 3 49' 










44 


50° 37'4 










41 


53° 26' 






N.E. b. E. 


N.W. b. W. 


5 


56° 15' 


S.E. b. E. 


S.W. b. w. 






54 


59° 4' 










5| 


61° 52'4 










5} 


64° 41' 






E. N.E. 


W. N.W. 


6 


67° 30' 


E. S.E. 


w. s.w. 1 






61 


70° 19' 










64 


73° 7'4 










6» 


75° 56' 






E. b. N. 


W. b. N. 


7 


78° 45' 


E. b. S. 


W. b. s. 






71 


81° 34' 










74 


84° 22'4 










71 


87° 11' 






E. 


W. 


8 


90° O' 


E. 





The compass is placed near the helm, and the line from 
the centre, in the direction of the ship’s head, denotes the 
angle which its track is making with the meridian, or north 
and south line N. S. It is called a rhumb line. It must be 
noticed, however, that the N. S. line is not truly the hori- 
zontal meridian ; the needle, which settles the position of 
this line, deviates from the true direction ; it does not point 
accurately to the north, and the angle between the true 
meridian and that in which the needle settles, called the 
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magnetic meridian, is the variation of the compass. The 
amount of this variation at any place may be discovered by 
Nautical Astronomy. Another correction is in general requi- 
site : the iron in the ship necessarily influences the needle, 
the disturbance thus occasioned is called the deviation of the 
compass, the amount of which can he ascertained only by 
special experiments. Since the introduction of iron vessels, 
this local attraction has engaged a good deal of attention : 
we shall advert to the subject more fully in a future chapter. 

Coleses. — So long as a ship sails on the same rhumb- 
line, her track makes the same angle with the successive 
meridians ; this angle, indicated by the compass, is called 
the ship’s course. If the course be not corrected for varia- 
tion, it is the compass-course ; when corrected, it is the true 
course. The compass course, be it observed, supposes the 
needle to be previously freed from the effects of the local 
attraction of the ship. The contrivances for this purpose 
will be noticed hereafter. The variation, whether to the 
right or left, when known, is easily allowed for : in what 
follows in the next chapter we shall suppose the allowance 
to be made, and the courses mentioned to be the true courses. 

Leeway. — The course may also be affected by the leeway , 
or the oblique motion of the vessel occasioned by the action 
of the wind sideways, impelling the ship along a track 
oblique to the fore-and-aft line ; this angle of deviation from 
the direction shown by the compass is the leeway ; it is to 
be estimated and allowed for, according to circumstances, 
from the navigator’s observation and experience of the 
behaviour of his ship. 

Bate of Sailing. — The rate at which a ship is sailing 
on any course is measured by an instrument called the log, 
or the log-ship, and a line attached to it called the log-line T 
which is about 120 fathoms in length. 

The log itself is a wooden quadrant, of which the circular 
rim is loaded with lead, so that when it is hove, or thrown 
into the water, it settles in an upright position, with its 
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centre just above the surface, and the log-line is so fastened 
to it that the face of the log is kept towards the ship, in 
order that it may offer the greatest resistance to being 
dragged along, as the line is being unwound from a reel by 
the advancing motion of the vessel. The length of line thus 
unwound in half a minute gives the distance run, or rate of 
sailing per hour, on the following principle : 

The log-line is divided into equal parts, each part being 
the 120th of a nautical mile. Now a nautical mile — that is, 
the 60th part of a degree of the equator, or of a meridian, 
is about G080 feet, so that each of the equal parts of the 
log-line is 50 feet 8 inches. The several divisions are marked 
by pieces of string passed through the strands of the log- 
line and Tcnotted , the number of knots in any string indi- 
cating the number of parts between it and the end of the 
log-line ; that is, how many parts have run off the reel. If, 
therefore, we take note of the number of knots reached in 
half a minute, we shall learn how many 120ths of a mile 
the ship has sailed in the 120th of an hour, which will, of 
course, be at the rate of so many miles per hour. As the 
knots thus give the miles per hour, sailors are in the habit 
of calling the miles sailed per hour so many knots. 

The marks on the log-line do not commence at the log ; 
a portion of line — about 10 or 12 fathoms, is suffered to 
run out before the marking begins. This portion is called 
the stray-line, which allows the log to settle in the water 
clear of the ship, before the half-minute commences ; the 
termination of the stray-line is marked by a piece of red 
cloth, and at the instant this passes from the reel the half- 
minute sand glass is turned, and the reel stopped as soon as 
the sand is run out. 

The above is the common log ; but there is an improved 
instrument, called Massey's log, constructed on a different 
principle, and which is generally preferred. 

The course and rate of sailing at any time being measured 
by the instruments now described, a record is kept of the 
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progress and position of the ship from day to day. The 
actual distance run, and the difference of latitude and lon- 
gitude made from noon to noon being deduced from this 
record, without the correcting aid of astronomical obser- 
vations, we have the ship’s account by dead reckoning. 



CHAPTER II. 

PLANE SAILING. — SINGLE COUKSES. — COMPOUND COUBSES. 

Plane sailing is usually defined to be the art of navigating 
a ship on the supposition that the earth is a plane. This 
definition is erroneous in the extreme : in all sailings the 
earth is regarded as what it really is — a sphere. Every case 
of sailing, from which the consideration of longitude is 
excluded, involves the principles of plane sailing ; a name 
which merely implies, that although the path of the ship is 
on a spherical surface, yet we may represent the length of 
this path by a straight line on a plane surface, and may 
embody all the particulars necessary to be considered, lon- 
gitude excepted, in a plane triangle.* This will sufficiently 
appear from the following investigation of the theoretical 
principles upon which plane sailing is founded. Let A, F, 
represent two places on the spherical surface of the ocean, 
the lines drawn from the pole P being meridians equidistant 
from one another, and so close together that the intercepted 

* Even when longitude enters into consideration, it is still with the 
plane triangle only that we have to deal ; and the reason that the sailings 
in which longitude is concerned — mid-latitude sailing and Mercator’s 
sailing — are not comprehended under iilane sailing, is that those sailings 
distinctly refer to, and are founded upon, the spherical figure of the surface 
sailed over ; hut, as the investigation here given in the text shows, the 
rules for plane sailing would equally hold good though the surface were a 
plane. Notwithstanding this truth, however, it is still incorrect to say 
that these rules are founded on the supposition that the earth is a plane ; — 
no such supposition is made. 
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portions A B, B C, CD, Ac., of the ship’s track, in sailing 
from A to F, may each be regarded as a straight line. 

The learner will at once see that we may conceive these 
portions of such trifling length, that it would be impossible 
to estimate them other than as straight lines : — they may be 
conceived, for instance, as only a yard or two long. Let 
also U Z be an arc of the 
equator, and draw the parallels 
of latitude as exhibited by the 
dark lines in the figure. A 
series of triangles, A H B, 

BIC, CKD, Ac., will thus be 
formed on the surface of the 
sphere, so small, that each 
may be practically regarded 
as a plane triangle, without 
any sensible error. These 
plane triangles are all equi- 
angular ; for the angles at 
H, I, K, Ac., are all right 
angles, and the ship’s track 
cuts every meridian which it crosses, while preserving the 
same course at the same angle. Consequently, by Euclid 4. 
"VI., we have the continued proportion 

AB : AH : : BC : BI : : CD : CK, Ac. ; 

and since, in a continued proportion, one antecedent is to 
its consequent as the sum of the antecedents to the sum of 
the consequents (Euc. 5. Y.), we have 
AB : AH :: AB+BC + CD + Ac.: AH+BI + CK + Ac. 

Now AB + BC + CD + Ac., is the distance sailed from A 
to F on the course HAB; and AH+BI + CK+Ac., is the 
difference of latitude AO between A, the place left, and F, 
the place arrived at. 

Let now a right-angled plane triangle, similar to the little 
right-angled triangle A1IB, be constructed ; that is, a right- 
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angled triangle in which A is the angle of the course, and 

c let the hypotenuse A B represent the 

/ distance sailed, that is, the length of 
/ AF on the globe ; then it is obvious that 
/ the perpendicular AG will represent the 

/ difference of latitude AO ; while the base 

/ CB — the side opposite to the course 

— will represent the sum of all the small 
^ departures, .HB, IC, KD, &c., from the 

successive meridians which it crosses. 

For since 

AB : HB : : BC : IC : : CD : KD Ac. 

.:.AB : HB :: AB + BC + CD + &C. : HB+IC + KD + &C. 



But the plane triangle ABC is constructed so that 
AB : IIB : : AB : CB ; 

and, moreover, so that AB = AB-f BC + CD-h&e. on the 
globe, consequently 

OB=HB+IC+KD+&c. 

This length CB is called the Departure made by the ship 
in sailing from A to F : there is no line corresponding to it 
on the globe ; it merely expresses the sum of all the inde- 
finitely small departures made by the ship in passing over 
the small intervals between the innumerable meridians con- 
ceived to be interposed between PIJ, the meridian left, and 
PZ, the meridian arrived at. 

It is thus fully established that the distance sailed on any 
oblique course, the difference of latitude made, and the 
departure, may all be accurately represented by the sides of 
a right-angled plane triangle, the angle opposite to the 
departure being the angle of the course. Of the four things 
just mentioned ; namely — Distance, Difference of Latitude, 
Departure, and Course, any two being given, the remaining 
two may, therefore, be determined by the solution of a 
right-angled plane triangle ; and so far as these particulars 
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are concerned, the results are obviously just the same as 
they would be if the ship were to sail on a plane surface 
instead of on a spherical surface ; the curve meridians being 
replaced by parallel straight lines, and the perpendiculars 
to these regarded as the parallels of latitude. We do not 
make the supposition that the surface actually sailed upon 
is a plane, with the meridians parallel straight lines ; but 
taking the surface as it really is — spherical, we find that, so 
far as the particulars mentioned above are concerned, we 
may replace it by such a plane surface. And this is the 
only justification of the name, Plane Sailing. 

In the examples in plane sailing which follow, the learner 
is recommended to sketch the right-angled triangle in each 
case, regarding the top of the paper to be the north and the 
bottom the south, so that the east will be on the right hand 
and the west on the left. Having drawn a north and south 
line, representing the portion of meridian due to the differ- 
ence of latitude ; he should draw from the latitude arrived 
at, the base of the triangle for the departure, — towards the 
right if the departure be east, and towards the left if it be 
west; the hypotenuse will then represent the distance 
sailed, and the angle it makes with the difference of latitude, 
will be the course. The vertex of this angle is to be 
regarded as the centre of the compass, or of the sensible 
horizon at commencing the course ; the angle will lie to the 
right or left, according as the sailing is towards the easterly 
or westerly side of the meridian started from. In all 
collections of tables for the use of navigators, there is 
inserted a Difference of Latitude and Departure Table, 
usually called a Traverse Table; by entering which, with the 
measured course and distance, we can get the corresponding 
difference of latitude and departure . by inspection. The 
table usually extends up to distances of 300 miles, and may 
be used for greater distances by cutting up the greater 
distance into parts that will come within the limits of the 
table* 

* See the Navigation Tables which accompany this Rudimentary Treatise. 
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Examples in Single Courses. 

1. A ship from latitude 49° 30' N. sails N.W. by N., a 
distance of 103 miles : required the latitude in, and the 
departure made ? 

The course being 3 points, is 33° 45', the angle contained 
between the given hypotenuse 103 miles, and the required 
diff. lat. ; hence by right-angled triangles, we have 



For the diff. lat. 

Diff. lat. = cos course x (list, 
cos 3 points* = ‘8315 
dist. = 103 

24945 
8315 

Diff. lat. N. = 85-6445 miles. 



For the departure. 

Dep. = sin course x dist. 
sin 3 points = -5556 
dist. = 103 
16668 
5556 

Dep. W. = 57-2268 miles. 



By Inspection . — Referring to that page of the Traverse 
Table headed “3 Points,” we find against the distance 103, 
in the column marked “Lat.” the number 85-6, and in the 
column marked “ Dep.” the number 57 - 2 ; we infer, there- 
fore, that the difference of latitude is 85-6 miles, and the 
departure 57-2 miles. 

Since 60 miles is a degree, a nautical mile being a minute 
of the meridian, 85-6 miles =1° 25'-6, which added to 49° 
30', the latitude left, gives 50° 53'- 6 N. the lat. in. 

2. A ship sails from lat. 37° 3' N., S.W. by S. J S. a distance 
of 148 miles ; required her latitude in and the departure made ? 



For the diff. lat. 

Diff. lat. = cos course x dist. 
cos 3J points = -773 
dist. = 148 
6184 
3092 
773 

Diff. lat. 8. = 114-404 
= 1° 54' 
Lat. left . . 37° 3' 
Lat. in . . . 35“ 9'N. 



For the departure. ' 

Dep. = sin course x dist. 
sin 3i points = ’6343 
dist. = 148 
50744 
25372 
6343 

Dep. W. = 93-8764 

Hence the departure is 93‘9 
miles W. 



* The author has prepared a small table for the sines, cosines, &e., of 
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By Inspection . — With the course 3i points, and distance 
148, the Traverse Table gives diff. lat.= 114-4, and dep. 
=93-9. 

Note. — In the foregoing computations we see that several 
decimals in the results are superfluous. By using the 
contracted method of multiplication — as at page 19, and 
which is fully explained in the “ liudiinentary Arithmetic,” 
the unnecessary decimals may be dispensed with; thus, 
the four multiplications in the above examples, become con- 
tracted into the following by reversing the multipliers : 



■8315 


•5556 


•773 


•6343 


301 


* 301 


841 


841 


8315 


5556 


773 


6343 


249 


167 


309 


2537 


85-64 


57-23 


62 


507 






114-4 


93-87 



We have only to notice under what decimal place of the 
multiplicand the units figure of the multiplier stands, in 
order to determine the number of decimals in the product ; 
thus, in the first operation the units figure is under the 
second decimal, therefore two decimals are to be marked off 
in the product. In like manner, two are to be pointed off 
in the second operation ; one in the third ; and two in the 
fourth. 

3. A ship sails from lat. 15° 55' S. on a S.E. |E. course 
till she finds herself in lat. 18° 49' S. : required the dis- 
tance run and the departure made ? 

Latitude left 15° 55' S. 

Latitude in . 18° 49' S. 

Diff. lat. . 2° 54' = 174 miles. 

courses : it will be found at the commencement of the Navigation Tables 
to accompany this work, and will save the trouble of searching in the 
more extensive tables. 
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For the distance. 

Dist. — diff. lat. -i- cos course, 
cos 4^ points= -6,3,44)174 (274‘3 
12688 

4712 

4441 

271 

Dist. =274 - 3 miles. 254 
* 17 



For the departure. 

Dep. = tan course x diff. lat. 
tan 4£ points = 1-2185 
dist. = 174, reversed 471 

12185 

8530 

487 

Dep. E. = 21 2 - 02 miles. 



By Inspection . — In that page of the traverse table de- 
voted to the course 44 points, and in the lat. column, is 
found 173-8, which is the nearest to the given diff. lat., 174. 
And against this number, in the proper columns, are found 
dist. =274, and dep. = 211-8. 

4. Yesterday at noon we were in lat. 38° 32' N., and tliis 
day at noon we are in lat. 36° 56' N. We have run on a 
single course between S. and E., at the rate of 51 knots an 
hour : required the course steered and the departure made P 

Lat. from 38° 32' N. 24 = number of Lours. 

Lat. in 36° 56' N. 5 £ 

Diff. lat. 1° 36'= 96 miles. 120 

12 

Dist.= 132 miles. 



For the course. 

Cos course = diff. lat. -j- dist. 
96 8 

132 ~ Tl = ' 7273 =cos 43 ° 2Q/ 
TLe departure may be found thus, 

V | (132 + 96) (132—96) | 

= V | 228 x 36 | = V8208 
=90-58. 



For the departure. 

Dep. = sin course x dist. 
sin 43° 20' = \6862 
dist. 132, reversed 231 , 

6862 

2059 

137 

Dep. E. = 90-58 miles. 



Hence the course steered is S. 43° 20' E., or S.E. by S. -f E. 
nearly, and the departure is 90-58 miles Easterly. 

This example may be solved by the traverse table, but 
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not without some trouble ; we should have to examine the 
several pages in which the distance 132 is inserted, till we 
came to that page in which, against this 132, stands 96, or 
a number near to this (viz. 965), in the lat. column. At 
the top of this page will be found tho course nearly, namely, 
43°, and in the dep. column the number 90. 

5. A ship from lat 48° 40' N. sails N.E. by N. 296 miles : 
required the lat. in, and the departure made ? 

Ans. lat. in, 52° 46' N. ; dep. E. 164 4 miles. 

6. A ship from lat. 47° 30' N. has sailed S.W. by S. a 
distance of 98 miles : required her lat. in, and the departure 
made ? Ans. lat. in, 46° 9' N. ; dep. V. 54 - 45 miles. 

7. A ship has sailed from lat. 37° 30' N. to lat. 46° 8' N., 
on a S.E. by S. course : required the distance run and the 
departure made ? 

Ans. dist. 98‘6 miles ; dep. E. 54 8 miles. 

8. A ship from lat. 3° 16' N. sails S.W. by W.£W., 
until she has made 356 miles of departure : required her lat. 
in, and the distance sailed ? 

Ans. lat. in, 0° 17' S. ; dist. 415 miles. 

9. A ship from lat. 36° 12' N. sails in a direction between 
S. and W. till she arrives in lat. 35° 1' N., having made 76 ' 
miles of departure -. required her course, and distance sailed ? 

Ans. course S., 46° 57' W. ; dist. 104 miles. 

10. A ship in lat. 3° 52' S. is bound for a port bearing 
N.W. by W. fW., in lat 4° 30' N. : what distance on that 
course must the ship sail to reach the port, and what 
departure will she have made during the voyage ? 

Ans. dist. 1065 miles ; dep. W. 939 miles. 

11. A ship from lat. 50° 13' sails between S. and E. 98 
miles, till her departure is 82 miles : required her course, 
and the latitude arrived at ? 

Ans. course S., 56° 47' E. ; lat. in, 49° 19' N. 

12. If a ship take her departure at six o’clock in the 
evening from Cape Verde, in lat. 14° 45' N., and sail 
W.S.W. i"W. at the rate of seven miles an hour until the 
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next day at noon: what will be her distance run, her 
departure, and the latitude in ? 

Ans. dist. 126 miles ; dep. W., 
120 6 miles ; lat. in 14° 8' N. 

Compound Courses. 

When a ship sails on different courses, as she usually 
does in a voyage of any length, the zig-zag track she des- 
cribes is called a compound course or a traverse , and the 
determination of the single course and distance from the 
place left to that arrived at is called resolving the traverse. 

In order to do this, the difference of latitude and departure 
for each distinct course must be found, and the aggregate 
of the several differences and departures taken for the single 
difference and departure which would be made by sailing 
from the place left to that reached on a single course. The 
determination of this course, and the corresponding distance, 
is then to be effected as in the preceding article. 

In resolving a traverse it is usual to take the diff. lat. 
and dep. due to each of the component courses from the 
traverse table : and having prepared six columns, with the 
suitable headings, as in the annexed example, to insert each 
course, dist., diff. of lat., and departure, in its proper column. 
This done, we have only to add up all the differences of 
latitude marked N., and all marked S., and to take the dif- 
ference of the two sums, and then to do the same with the 
departures marked E. and W., to obtain the diff. lat. and 
dep. due to the equivalent single course. 



Examples in Compound Courses. 

1. A ship from lat. 51° 24' N. during the last twenty -four 
hours has run the following courses, namely : 

1st. S.E., 40 miles. 4th. N.W. by W., 30 miles. 

2nd. N.E., 28 miles. 5th. S.S.E., 36 miles. 

3rd. S.W. by. W. 52 miles. 6th. S.E. by E., 58 miles. 
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Required the lat. in, and the direct course and distance to 
arrive at it ? 

Traverse Table.* 



COURSES. 


DIST. 


DIFF. 


LAT. 


DEPARTURE. 






N. 


s. 


E. 


\Y. 


S.E. 


40 




28-3 


28 3 




N.E. 


28 


19’8 




19’8 




S.W. by W. 


52 




28-9 




43-2 


N.W. by W. 


30 


16-7 






24’9 


S.S.E. 


30 




33-3 


13’8 




S.E. by E. 


68 




32-2 


48’2 




Direct course, S. 25° 59' E. 


36-6 


122’7 


110-1 


68-1 








36-5 


68’1 




Direct distance, 95 ’87 miles. 


86’2 


42 ' 





The results of the above table show that the whole diff. 
lat. made is 86’2 miles S., and the departure 42 miles E., 
and from these we compute the direct course and distance 
as follows : 

Por the direct course. For the distance. 

Tan course = dep. -j- diff. lat. Jlist. = dep. -J- sin course. 

8 k 6\2)42 (-4872= tan 25° 69' -4,3,8,1,1)42 (95 87 miles. 



3448 




39430 


752 




2570 


6896 


Lat. left . . . 51° 24' N. 


2191 


~624 


Diff. lat. 86’2 m. 1° 26' S. 


379 


603 


Lat. in . . . . 49° 58' N. 


350 


21 




29 



* Before referring to the general traverse table, for the purpose of 
extracting the several particulars to be entered in this, it will be a security 
against putting any extract in the wrong column, if against each course 
and distance we put a small mark, as a cross, in each column where an 
entry connected with that course and distance is to be made, the mark 
being put sufficiently near the margin of the column to leave room for the 
entry to be placed against it. Thus : wherever N. occurs in the course, 
a mark is to be placed opposite to that course in the N. column : wherever 
S. occurs, a mark in the S. column. When E. occurs, mark in like 
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Hence the course is S.S.E. ^ E. nearly, the distance is 
9587 miles, and the lat. in, 49° 58' N. 

Note. The learner should be here apprised that the 
balance of the departures, made in a succession of courses, 
is not in strictness the same as the single departure made 
in the single course from the place left to that ultimately 
reached by the traverse sailing. Suppose a ship in any 
latitude to sail due west or due east ; then her entire dis- 
tance will be also her departure. But if another ship were 
to sail from a lower latitude on the same meridian to the 
same place, it is obvious that her departure would exceed 
that of the former ship; and if she sailed from a higher 
latitude her departure would be less. 

In a single day’s run the inaccuracy of taking the balance 
of a set of departures as the departure due to the single 
equivalent course, is too small to lead to any practical error 
of consequence. We shall advert to this matter again at 
the close of the next chapter. 

2. A ship from lat. 51° 25' N. has sailed on the following 
courses, namely : 

1st. S. S. E. | E., 16 miles. 3rd. S. W. by W. 4 W., 36 miles. 

2nd. E. S. E., 23 miles. 4th. W. j N., 12 miles. 

5th. S. E. by E. ~ E. 41 miles. 

Required the latitude in, and the direct course and distance 
to reach it ? 

Ans. direct course S. 18° 12' E. ; dist. 62f miles. 

3. A ship from lat. 1° 12' S. has sailed the following 
courses and distances, namely : 

1st. E. by N. 4 N., 56 miles. 4th. N. } E., 68 miles. 

2nd. N. 1 E., 80 miles. 5th. E. S. E., 40 miles. 

3rd. S. by E. 4 E., 96 miles. 6th. N. N. W. 4 W., 86 miles. 

7th. E. by S., 65 miles. 

manner the E. column, and when Vf. occurs, the W. column. This done, 
the traverse table may be referred to for the proper entries to be placed 
against the marks. 



Digitized by Google 




COMPOUND COURSES. 



51 



.Required the lat. in, and the course and distance made 
good ? Ans. lat. in, 0° 48' N : course, N. 51° 47' E. ; 

dist. 193 8 miles. 

4. Since last noon the following courses and distances 
have been run, namely : 

1st. S. W. 1 W., 62 miles. 4tli. 8. W. f W„ 29 miles. 

2nd. 8 . by W., 16 miles. 5th. S. by E., 30 miles. 

3rd. W. i S., 40 miles. 6th. 8. f E., 14 miles. 

Required the difference of latitude made, and the course and 
distance made good ? 

Ans. diff. lat. 1° 55' S. ; course, S. 43° 14' W. ; 
dist. 158 miles. 

5. A ship from lat. 24° 32' N. sails the following courses : 

1st. S. W. by W., 45 miles. 3rd. S. W., 30 miles. 

2nd. E. S. E., 50 miles. 4th. S. E. by E., 60 miles. 

5th. S. W. by S. i W., 63 miles. 

Required her lat. in, her departure, and the direct course 
and’ distance ? 

Ans. lat. in, 22° 3' N. ; dep. 0 ; course, S. 
dist. 149 miles. 

6. yesterday noon we were in lat. 3° 18' S., and since 
then we have run the following courses, namely : 

1st. N. N. E., 22 miles. 6th. N. W. by N. i W., 50 miles. 

2nd. N. by IV., 30 miles. 7th. N. E. A E., 42 miles. 

3rd. N. E. by E., 40 miles. 8th. W. by S. A W., 45 miles. 

4th. E. S. E., 25 miles. 9th. 8 . W. by 8 ., 20 miles. 

5th. S. S. W., IS miles. 10th. E. by N. ! t E, 62 miles. 

Required our present lat. and dep., with the course and dis- 
tance made good ? 

Ans. lat. in, 1° 39' S. ; dep. 5S‘4 miles E. ; 
course, N. 30° 32' E. or N.N.E. 2 E. 
nearly; dist. 115 miles. 



2 
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CHAPTER III. 



PARALLEL SAILING. — MID-LATITUDE SAILING. 

Parallel Sailing . 

When a ship sails due east or due west, her track is on 
a parallel of latitude, aud the case is one of parallel sailing : 
her distance run is then the same as her departure, her 
difference of latitude is nothing, and her difference of longi- 
tude is determined upon the following principles. 

In the annexed figure, let I Q II represent the equator, 
and B II A any parallel of latitude ; 
then C I will be the radius of the 
equator, and c B the radius of the 
parallel. Let B D he the distance 
sailed on this parallel, then the 
difference of longitude made will be 
measured by the arc I Q of the 
equator ; and since similar arcs are 
to each other as the radii of the 
circles to which they belong, we have the proportion, 
c B : Cl : : dist. B D : diff. long. I Q. 

But c B is the cosine of the latitude I B to the radius 
C I, that is, c B is C I times the trigonometrical cosine of 
the latitude, so that the above proportion is — 

Cl x cos lat. : C I : : dist. : diff. long, 
cos lat. : 1 : : dist. : 
dist. sailed 



/ 


\ ' \ 


c 






\D ; , 


C 

\ 

\ 
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\ 


i\ |7 



diff. long. = 



cos latitude 



diff. long. 
( 2 ) 



CD 



If the distance d between any two meridians be measured 
on a parallel whose latitude is l, and the distance d' between 
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the same meridians be measured on another parallel whose 
latitude is l', then, calling the difference of longitude of the 
two meridians L, we have from (1), by alternation: 

cos l : d : : 1 : L 
cos V : d' : : 1 : L 

cos l : cos V : : d : d' d' = d - C ?- 9 / . . . (3); 

cos l 



that is, the intervals between any two meridians, measured 
on different parallels, are as the cosines of the latitudes of 
those parallels ; so that if we know the length of a degree 
on the equator, or on any given parallel, we may thus readily 
find the length of a degree on any other given parallel. 
The proportion (1) or the equation (2) suffices for the solu- 
tion of every example' in parallel sailing ; and, just as in 
plane sailing, we may embody the necessary particulars in a 
right-angled triangle. Thus, let the base represent the 
distance sailed, the hypotenuse the difference of longitude, 
in linear measure, and the angle between the two the lati- 
tude of the parallel ; then, by right-angled triangles : 



h yp. = 



base 



cos base angle 



-, that is, diff. long. = 



dist. sailed 
cos latitude’ 



which is the equation (2). 

We may, therefore, solve any problem in parallel sailing 
like a problem in plane sailiug, by inspection of the traverse 
table : in order to this, we have only to regard the latitude 
of the parallel as course, and the distance sailed on it as diff'. 
lot.; the corresponding distance , in the traverse table, 
will be diff. long. The perpendicular of our right-angled 
triangle has no significance; it serves merely to connect 
the other parts together. 



Note. — If logarithms be used in working any example in 
parallel sailing, then, on account of the change in the radius 
of the table, the 1 in the proportion (1) must be changed 
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into 10 10 , this being the numerical value of the logarithmic 
radius. The proportion may he written thus : 

cos lat. : radius : : diat. : diff. long. 

where radius = 1 for the table of natural sines and cosines, 
and log radius = 10 for the table of log sines and cosines ; 
so that, by logarithms, we should have : 

log diff. long. = 10 + log dist. — log cos lat. . . . (4). 

We think, however, that in general logarithms should be 
dispensed with, whenever the work by natural sines or 
cosines requires only one reference to the table. 

Examples in Parallel Sailing. 

1. A ship in lat. 49° 32' N., and long. 10° Iff W., sails 
due W. 118 miles ; required the longitude arrived at ? 

diff. long. = dist. -j- cos lat. cos 49° 32' = ’0,4,90 ) 118 ( 182 miles. 

649 

531 
519 

_12 

By Inspection. — Taking the latitude (or rather 49°) ns a 
course, and 118 as diff. lat., the corresponding distance in 
the traverse table is 180 ; but if we take 50° lat. as a course, 
and the same 118 as diff. lat. the corresponding distance in 
the table will be 184 ; half the sum of these, namely, 182, is 
therefore about the true diff. long. 

2. A ship in lat. 36° 58' N., and long. 20° 25' W., is 
bound to St. Mary’s, one of the Western Islands, in the 
same latitude, and in long. 25° 13' W. What distance must 
she run to arrive at her destination ? 

dist = cos lat. x diff. long. cos 36° 58' = ’799 

diff. long, reversed' 882 
Long, of ship . . 20°25'W. 1598 

Long, of St. Mary's 25° 13' W. 639 

Diff. long. . 4° 48' = 288 miles. 

Dist. — 230 '1 miles. 



Long, left 10° 16' W. 
Diff long. 182 miles 3° 2' W. 

Long, in 13° 18' W. 
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By Inspection. — Taking 37° as a course, and 288 as a 
distance, the corresponding diff. lat. in the traverse table is 
230, the distance required. 

3. Prom two ports, both in lat. 32° 20' N., and 256 miles 
apart, measured on the parallel, two ships sail due N., till 
they arrive at lat. 44° 30' N. How many miles measured 
on the parallel reached are they apart P 

This example is to be worked by the proportion or 
formula (3), and as there are two trigonometrical quan- 
tities concerned, namely, cos l, and cos l', we shall use 
logarithms. 

As cos l, 32° 20' arith. comp. ‘0732 

: cos 1', 44° 30' .... 9-8532 

:: d, 256 .... 2-4082 

: d\ 2161 .... 2-3346 

Hence, measured on the parallel arrived at, the ships are 
216 miles apart. 

The work of this example, without logarithms, as indi- 
cated by the formula d' = d cos l' -f- cos l, occupies more 
figures than that above, but probably not more time. The 
learner is recommended to solve it in this latter way, as an 
additional exercise. 

4. A ship in lat. 53° 36' N., and long. 10° 18' E., sails 
due W. 236 miles : required the longitude arrived at ? 

* Ans. long, in 3° 40' E. 

5. A ship in lat. 57° 29' N., and long. 1° 47' "W., sails 
due E. 125 miles : required the longitude in P 

Ans. long, in 2° 6' E. 

6. A ship in lat. 32° N. is bound to a port in the same 

latitude, but lying 6° 24' of longitude to the E. : what 
distance has she to run ? Ans. dist. 325-6 miles. 

7. On a certain parallel 384 miles answers to 500 miles 
of diff. long. : required the latitude of the parallel ? 

Ans. lat. 39° 49'. 

8. A ship from long. 81° 36' W. sails W. 310 miles, and 
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then finds by observation that her longitude is 91° 50' W. : 
•what is the latitude of the parallel on which she has 
sailed ? Ans. lat. 59° 41'. 

9. If a ship sail due E. 126 miles from the North Cape 

in Lapland, and then due N. till she arrives at lat. 73° 26' 
N : how far must she sail due W. to reach the meridian of 
the North Cape ? Ans. dist. 111*3 miles. 

10. In what latitude will a ship’s diff. long, be three 

times the distance she sails on the parallel having that 
latitude ? Ans. lat. 70° 32' nearly. 

Mid-Latitude Sailing. 

We have seen in the preceding article how the difference 
of longitude which a ship makes, may be determined when 
she Bails on a parallel of latitude : we are now to consider 
the more general problem, namely, to find the difference of 
longitude made when the ship sails upon an oblique course. 
For the solution of this problem, without astronomical 
observations, Navigation offers two distinct methods : the 

one to be here explained, called 
middle latitude sailing ; and 
the other, to be discussed in 
next chapter, called Merca- 
tor's sailing. 

Mid-latitude sailing is a 
combination of plane sailing 
and parallel sailing ; it pro- 
ceeds on the supposition that 
what in plane sailing is called 
the departure, namely, H B 

+ IC+KD + LE + ME, 

made by a ship, in sailing on 
the oblique rhumb A E, is 
equal to the distance T S, of 
the meridians of A and F, measured on the middle parallel 
of latitude between A and F, or between A and O. 
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Assuming then that T S is equal to the departure made 
by a ship in sailing from A to F, the rule for finding the 
difference of longitude between A and F, may be deduced 
as follows : 

It has been seen in plane sailing that the difference of 
latitude A O, the distance run A F, and the angle A of the 
course may all be correctly represented in a right-angled 
triangle A B C, as in the margin. 

Now the side of the triangle marked departure is, in the 
present hypothesis,^ the same as the i> 
mid-latitude distance between the meri- 
dians sailed from and arrived at, so 
that the difference of longitude made 
by the ship is the same as if it had 
sailed the distance C B on the mid- 
latitude parallel. We have now there- 
fore a case of parallel sailing, the line 
C B representing the distance ; so that, jcl 
as in that sailing, if we make C B the ’§ 1 



pb 



Drp 






Mo I 



e l> 

J/p 
/ 






base of a right-angled triangle, and the 
angle at the base the latitude of the 
parallel, that is the mid-latitude, it is jl 
plain that the hypotenuse B D, will be the difference of 
longitude. 

We thus have two connected right-angled triangles j one, 
the lower in the above diagram, constructed conformably 
to the principles of plane sailing, the upper agreeably to 
the principles of parallel sailing; and what is departure 
in the lower triangle, is regarded as distance on the mid- 
latitude parallel in the upper. The perpendicular C D is 
superfluous except for the purpose of completing the 
triangle. 

Now, by right-angled triangles, we have from the upper 
triangle, 

departure . 

1 ' on £‘ cos raid-lat.’ 

d 3 
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But from the principles of plane sailing, or from the lower 
triangle, we have 

departure — (list, x sin course = ('iff. lat. x tan course. 



Consequently, 

Diff. long. - - de I mrture 
cos mid-lat. 



dist. x sin course 
cos mid-lat. 



diff. lat. x tan course, 
cos mid-lat. 



And these expressions embody the whole theory of parallel 
sailing. They may be stated as proportions thus : 

1. cos mid. lat. : rad. (1) : : dep. : diff. long. 

2. cos mid. lat. : sin course : : dist. : diff. long. 

3. cos mid. lat. : tan course : : diff. lat. : diff. long. 

If logarithms be used, then in the first proportion log rad. 

= 10 . 



Examples in Mid-Latitude Sailing. — Singh Courses. 

1. A ship from latitude 52° 6' N., and longitude 35° 6' "W\ 
sails N.W. by W. 224 miles : required the lat. and long, 
arrived at ? 



For the mid-lat. 

60)124 

2° 4' N=diff. lat. 

52° 6'N=lat. left. 

54° 10' N=lat. in. 

2)106° 16'=gum of latitudes. 

53“ 8'=J sum, or mid-lat. 

For the diff. long. (By logarithms). 

As cos mid-lat. 53° 8', arith. comp. 0-2219 
: sin course 5 points .... 9 9198 
: : dist. . .224 .... 2 3502 

: diff. long. . 310 4 .... 2 4919 

Or, using proportion 3 instead of 2, the work will be, 



For the diff. lat. 

Diff. lat. =dist. x cos course, 
cos 6 points^ *5556 
224 reversed 422 

11112 

1111 

222 

Diff. lat. 124-45miles. 
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A r cos mid-lat. 53° S', aritb.comp. 0 2219 
: tan course 5 points . . . 101751 

: : diff. lat. . 124*4 . . . 2 094S 

: diff. long. . 310*4 . . . 2*4918 

Hence the diff. long, is 5° 10' W., which, added to 35° 6' IV., 
gives 40° 16' ~W. for the long, in, the lat. in being 54° .10' N. 

By Inspection. For course 5 points, and distance 224, 
the traverse table gives dep. 186*2, and diff. lat. 124*4. 

Again, for the mid.-lat. 53° as course, and the half of 
186*2, namely 93*1, as diff. lat., the traverse table gives for 
dist. 155, the double of which is 310, the diff. long. 

Note. The above method of determining the difference 
of longitude is not strictly accurate, since the departure is 
not exactly equal to the mid-latitude distance between the 
meridian left and the meridian reached. For a single day’s 
run, however, the error is of no practical consequence, and 
in low latitudes, more especially if the angle of the course 
be large, that is, if the track of the ship be nearly due east 
or due west, the method may be depended upon, even for 
several days’ run. But by applying to the mid-latitude the 
correction given in the table*, the method may always 
be employed with safety ; the table is used thus : — Take out 
the correction under the given difference of latitude, and 
against the given mid-latitude. Add this correction to the 
mid-latitude ; call the sum the true mid-latitude, and employ 
it, instead of the uncorrected mid-latitude in the calcu- 
lation. 

If the difference of latitude be not more than 1°, no cor- 
rection will be necessary ; when it is 2°, and under 3°, add 1'. 

The principle on which the table is constructed will be 
explained at a future page. But it is easy to show here that 
some such table is necessary : thus — 

Since diff. long. = dep. -s- cos mid-lat. — dep. x sec mid-lat. 



* See ** Navigation Tables the table for correcting mid-latitude. 
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it follows tliat if there be any error in estimating the de- 
parture, that is, in regarding the mid-latitude distance 
between the meridians as equal to it, there will be an error 
still greater in the resulting diff. long, because secant always 
exceeds unity, so that in high latitudes the error in longi- 
tude may be seriously wide of the truth. 

In the next example, where the diff. lat. is large, we shall 
work, for the diff. long, with the true mid-latitude. 

2. A ship from lat. 51° 18' N., long. 9° 50' TV., sails 
S. 33° 8' TV. a distance of 1024 miles : required the lat. and 
long, in ? 



For the diff. lat. 

Diff. lat. = (list, x cos course, 
cos 33° 8' . . -8374 

1024 reversed . 4201 

8374 

167 

33 

diff. lat. 857 -4 miles. 



For the true mid-la'. 
6,0)85.7 

14° 17' S. = diff lat. 

51“ 18' N.=lat. left. 

37° 1' N. = lat. in. 

2)88° 19' = sum lata. 

44° 9'4 = mid-la t. 
Correction 27' 

44° 36'J = true mid-lat. 



For the diff. long. 

As cos true mid-lat. 44° 36'i, arith. comp. 0147 6 

: sin course 33° 8' 9 7377 

: : dist. . . 1024 3-0103 

: diff. long. 786-3=13° 6' . .2-8956 

If in this work the correction had been omitted, the diff. 
long, would have been 780-1, which is six miles in error. 

9° 50' + 13° 6' = 22° 56' TV. long. in. 

3. A ship from lat. 52° 6' N., and long. 35° 6' TV., sails 
N.TV- by TV. 229 miles : required the lat. and long, arrived 
at ? 

Ans. lat. 54° 13' N . ; long. 40° 23' TV. 
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4. A ship from lat. 49° 57' N., long. 5° 11' W., sails be- 
tween S. and W., till she arrives in lat. 38° 27' N., when she 
finds she has made 440 miles of departure : what was the 
course steered, the distance run, and the long, arrived at ? 

Ans. course, S. 32° 32' W. ; dist. 818 miles ; long, 
in, 15° 28' W. 

5. A ship from lat. 37° N. long., 22° 56' W., steers 
N. 33° 19' E., till she finds herself in lat. 51° 18' N. : what 
longitude is she then in ? 

Ans. 9° 45' W. 

G. A ship from lat. 37° 48' N., long. 25° 10' "W\, is bound 
for a place in lat. 50° 13' N., and long. 3° 38' W. : required 
her course and distance ? 

Ans. course, N. 51° 7' E. ; dist., 1187 miles. 

7. A ship from lat. 38° 42'* N., long. 9° 8'£ W., sails on 
a W.S.W. course, a distance of 700 miles : required the lat. 
and long, arrived at ? 

Ans. lat. 37° 54' 1ST. ; long. 12° 33 W. 

8. A ship from lat. 40° 41' N., long. 16° 37' W., sails 
between N. and E. till she arrives at lat. 43° 57' N., and 
finds that she has made 248 miles of departure : required 
the course, distance, and long, in ? 

Ans. course, 51° 41' E. ; dist. 316 miles ; 
long, in, 11° W. 



Note. From the principles discussed in the foregoing 
article, it is evident, as was observed at p. 50, that the de- 
termination of the direct course and distance from the 
balance of the departures on a compound course must involve 
some amount of error. If, at the end of a series of courses, 
it is found that the departures east just balance the 
departures ivest, the custom is to conclude that the ship has 
returned to the meridian left ; but it is plain from the prin- 
ciples of mid-latitude sailing, that if a ship in N. lat. sail 
obliquely towards the N.E. quarter, and then, altering her 
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course, sail towards the N.' W. quarter, till she reach the same 
meridian : — it is plain that the mid-latitude distance between 
the meridians, on the first course, must exceed that on the 
second, and the correction taken from the table somewhat 
increases this excess. It follows, therefore, that the result- 
ant of the departures in a traverse will not be the correct 
departure for the equivalent single course and distance, 
although in a day or two’s run, the inaccuracy may be of no 
practical consequence. 



CHAPTER IV. 

MERCATOB’S SAILING. — TRAVERSES BT BOTIT SAILINGS. 



The principal object of mid-latitude sailing, as we have 
just seen, is to render the results of ordinary plane sailing 
available for the purpose of discovering difference of longi- 
tude. The determination of longitude may, indeed, be 
considered as the master problem of Navigation, and ac- 
cordingly it has, more than any other, engaged the attention 
of scientific and nautical men. But of all the methods of 
solution hitherto proposed — excepting those dependent upon 
astronomical observations — that which we are about to 
explain is the most ingenious and satisfactory. It was first 
invented by Gerrard Mercator, a Fleming, who in 1566 pub- 
lished a chart, constructed upon peculiar principles, from 
which differences of longitude could be deduced. 

The mathematical theory of this construction, however, 
and the tables necessary for bringing Mercator’s Sailing 
under the dominion of numerical computation, is due to an 
Englishman, Edward Wright, who formed his table of Me- 
ridional Parts after the manner now to be described. 

Let A B, A C, and C B, in the annexed right-angled triangle, 
represent the distance run, the difference of latitude and 
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the departure made on any single course, A. We know 
that the departure, C B, is not the representation of any 
line on the surface of the sphere, 
but the aggregate of all the minute 
departures shown in the diagram 
at p. 56, united in one continuous 
line. Let A b c be one of the ele- 
mentary triangles in that diagram, 
c b being one of the elementary de- 
partures, and A c the elementary 
difference of latitude corresponding. 

Then since c b is a portion of a 
parallel of latitude, it will be to a 
similar portion of the equator or of 
the meridian, as the cosine of the latitude of the parallel is 
to radius (or 1), as was proved at p. 52 ; and this similar 
portion of the equator measures the difference of longitude 
between c and b. 

If, therefore, the elementary distance, A b, be prolonged 
to V, till the corresponding departure d b' becomes equal to 
this difference of longitude, we shall have the following pro- 
portion, namely : 

cb : d V: : cos lat. of c b : 1 
But (Rue. 4, VI.) cb : c' b': : Ac : Ac' 

cos lat. of c b : 1 :: Ac : Ad 

s .‘.Ad— ^ = A c x sec lat. of ci . . . (1) 

" cos lat. of c 6 

It thus appears that if the proper difference of latitude 
A e, be increased to A d, so that A c'= A cx sec lat. of c, the 
proper departure, c b, will become increased to d V, so that 
d V = diff. long, of c and b. In other words, a ship having 
made the. small diff. lat. Ac, and the corresponding depar- 
ture c b, must continue her course till her diff. lat. A c' has 
increased to A c x sec lat. of c, in order that her increased 
departure d V may be equal to the diff. long, made in sailing 
from A to b. Now it is evident that if all the elementary 
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differences of latitude are prolonged in this manner, the 
sum of all the corresponding increased elementary depar- 
tures will be the whole diff. long, made in sailing from A 
to B. Consequently, to represent the diff. long, between 
A and B, the diff. lat. A C must be prolonged till the length 
A C' becomes equal to the sum of all the increased elemen- 
tary differences of latitude, when the corresponding increased N •> 
departure, C' B', will represent the diff. long, made in sailing 
from A to B. The business then, is to contrive means for 
finding, from A C, the proper enlargement of it, A C'. W right 
proceeded as follows : 

Taking the elementary differences of latitude each equal 
to a nautical mile, or one minute of the meridian, com- 
mencing at the equator, and calling the enlargements Me- 
ridtokal Parts, he knew, from the relation (1) above, 
that — 



Meridional Parts of l rz sec. 1'. 

2' = sec. l'-j-sec. 2'. 

3'= sec. l' + sec. 2' + sec. 3'. 

4' = sec. l'-fsec. 2' + sec. S ' -f sec. 4'. 
&c. &c. 



And from these equalities he calculated the proper en- 
largement of the portions of the meridian, increasing minute 
by minute, from the equator, by help of the table of natural 
secants, thus : 



Lat. Sum of nat. secants. Mer. Parts. 

Mer. Parts of 1' =10000000 = 1-0000000 

2 ' = 1-0000000 + 10000002 = 2 0000002 
3' = 2-0000002 + 1 0000004=3 000000(; 
4' = 3-0000000 + 1-0000007 =4-0000013 
5' = 4 000001 3 + 1-0000011 = 5 0000024 
&c. &c. 



V 



It was by summing up the natural secants in this wav 
that the first table of meridional parts was constructed. If 
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we enter suck a table with the latitude of A (preceding 
diagram), we Bhall find against that latitude the enlarged or 
meridional latitude ; in like manner, entering with the lati- 
tude of C, we also find the corresponding meridional latitude : 
the difference of the two will be A C' the meridional difference 
of latitude , or the sum of the two, if A and C are on opposite 
sides of the equator. 

It is plain that a table of meridional parts, constructed 
after this method, will be the more strictly accurate the 
smaller the elementary portions of the meridian are taken ; 
as, for instance, by taking them each half a minute in length, 
instead of a whole minute, as indeed was subsequently- 
done. But Dr. Halley contrived means of constructing the 
table in another way, which way involved no inaccuracy at 
all ; and the tables in existing use are all formed in this cor- 
rect manner.* (See the Mathematical Tables.) 

Referring now to the diagram at p. G3, we have the two 
following proportions for the solution of problems in Mer- 
cator's sailing, namely : 

1. As rad. (1) : tan course : : mer. diff. Iat. : diff. long. 

2. As proper diff. Iat. (A C) : dep. : : mer. diff. Iat. : diff long. 

And, as in former cases, we think it will sometimes be 
more convenient to work examples in this sailing without 
logarithms than with them. 



Examples in Mercator's Sailing. Single Courses. 

1. A ship from lat. 52° G' N., and long. 35° G' W., sails 
NAY. by W. 229 miles : required her lat. and long, in ? 

By ex. 3, p. GO, the lat. in is found to be 54° 13' N. ; and 

* For an account of Dr. Halley’s method, and for further details on the 
progress of this part of Navigation, the inquiring student is referred to the 
Navigation and Nautical Astronomy, in “ Orr’s Circle of the Sciences.” 



Digitized by Google 




06 



MERCATOR’S SAILING. 



to find the diff. long, we proceed by Mercator’s sailing as 
follows : 



Lat. in . 54° 13' N. Mer. parts 3887 
Lat. left 52° 6' N. „ 3675 

Long, left 35° 6'W. Mer. diff. lat. 212 

Diff. long. 5° 17' W.= 317 miles. 

Long. in. 40° 23' W. 



Diff. long. = tan course x mer. 
diff. lat. 
tan 5 points=l , 4966 
212 

29932 

1497 

299 



Diff. long. 



. 317 ‘28 miles. 



The longitude is therefore the same as that previously 
found by mid-latitude sailing. 

2. A ship from lat. 51° 18' N., and long. 9° 50' W., sails 
S. 83° 8' W. 1024 miles : required the lat. and long, in ? 
The lat. is found in ex. 2, page 60, to be 37° 1' N. 



Lat. left 51° 18' N. Mer. parts 3598 
Lat. in 37' 1' N. „ 2894 

Mer. diff. lat. 1204 

Long, left 9° 50' W. 

Diff. long. 13° 6' W.= 786 miles. 

Long, in 22° 56' W. 



Diff long.= tan. course x mer. 
diff. Iat. 

tan 33' 8'= -6527 
4021 

6527 
$ 1305 
26 



Diff long. 785 - 8 miles. 



By Inspection. For the course 33°, and distance 256, 
being one-fourth of the given distance, the traverse table 
gives diff. lat. = 214'7, four times which is 858, therefore 
diff. lat. = 14° 18' S., and hence the lat. in is 37° N. The me- 
ridional difference between the two latitudes is 1205. For 
one-fifth of this, namely 241, as diff. lat., and 33° as course, 
the traverse table gives, under departure , 156’9, five times 
which is 784, the miles of diff. long. This makes the long, 
in 22° 58', two minutes too great. When the number with 
which we enter the traverse table is beyond the limits of 
the table, it may be a little more convenient to divide that 
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number by 10 : in this way 1205 will give 120'5. The 
nearest to this, under diff. lat. is 120 - 8, the corresponding 
departure being 78 '4, ten times which is 784 for the diff. long. 
On account of small quantities being disregarded, the tra- 
verse table does not al ways give results with the same accu- 
racy as computation. 

3. Required, the course and distance between Ushant, in 
lat. 48° 28' N., long. 5° 3' W., and St. Michael’s, in lat. 
37° 44' N., long. 25° 40' W. ? 



For the courte. 


For the dlHavce. 


tan course = diff. long mer diff. 1st. 


Difit. = diff. lat. -*-cos course. 


Diff. long. =20° 37=1237 miles. 


COS 54” 23'= -5,8,2,3)644 (1106 miles. 


Ushant, lat. 48° 28' Mer. pts. 3334 


5823 


St. Michael 37” 44' „ 2448 


617 


Diff lat. 644 nt.=10° 44' Mer. D. lat.=880 


682 




35 

85 


8,8,6)1237(l*8962=tan 54° 23' 


Otherwise by logarithms. 


886 


Diff. long. 1237 . . • 3 '0924 


351 


Mer. diff. lat. 886 . . 2 '9474 


2658 


tan 54° 24' ... . '1450 


852 


In strictness the angle, in botli 


7974 


computations, is about 54 23'$. 


546 




532 




14 





By Inspection. The diff. long, and the mer. diff. lat. 
being found as above, seek in the traverse table for the mer. 
diff. lat., in that diff. lat. column having the diff. long, in 
the corresponding dep. column. The page in which these 
are found will give the course: with this course and the 
true diff. lat. enter the table again for the distance. But 
the traverse table is not well adapted for the solution of 
examples of this kind ; it usually gives but approximate ^ 
results, and, as in the present case, the approximation may 
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not be very close. In this example the distance by the table 
is 11 miles short of the truth as given by computation. 

4. A ship from lat. 51° 9' N. sails S.W. by W. 216 miles : 
required the lat. in, and the diff. long, made ? 

Ans. lat. 49° 9' X. ; diff. long. 4° 40' W. 

5. A ship sails from lat. 37° X. long., 22° 56' W., on the 
course X. 33° 19' E., till she arrives at lat. 51° 18' X. : 
required the distance sailed and the long, arrived at ? 

Ans. dist. 1027 miles ; long. 9° 45' W. 

6. A ship sails from lat. 42° 54' X. on the course S.E.IE., 
till her diff. long, is 134 miles : required the distance sailed, 
and the lat. in ? 

Ans. dist. 132i miles ; lat. 41° 25' X. 

7. A ship sails X.E. by E. from lat. 42° 25' X., and long. 
15° 6' "W., till she finds herself in lat. 46° 20' X. : required 
the distance sailed and long, in ? 

Ans. dist. 423 miles ; long, in 6° 54' W. 

8. A ship from lat. 51° 18' X., long. 9° 50' W., sails S. 

33° 19' W., till her departure is 564 miles : required her 
long, in ? Ans. long. 23° 2' W. 



Compound Courses by Mid-Latitude and Mercator's Sailing. 

In order to find the diff lat. and the diff. long, made at 
the, end of a series of courses, or a traverse, we must register 
the particulars of each course in a traverse table, as at page 
49, and proceed in one or other of the two following ways : 

1. Having found the diff. lat. and dep. made during the 
traverse as at page 49, determine from these the direct 
course and distance, and find the diff long, due to this 
single course by either mid-latitude or Mercator’s sailing, 
as in the foregoing articles. 

2. Or : the several entries having been made in the tra- 
verse table as before, find the balance of the diff lat. columns 
only ; we shall thus discover the latitude in ; and for the diff. 
long, we proceed thus : 
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From the latitudes at the beginning and end of each 
course find the corresponding mid-latitude, with which and 
the departure made during the course, deduce the difl'. long, 
by mid-latitude sailing. The diff. long, being thus found 
for each distinct course, the whole diff. long, due to the 
traverse becomes known. But if Mercator’s sailing be em- 
ployed instead of the mid-latitude method, then thero will 
be no occasion for the insertion of any departures in the 
table. 

The following example, worked both by mid-latitude and 
Mercator’s sailing, will sufficiently show how the tabulated 
quantities are to be arranged : 

1. A ship from lat. GO 0 9' N., and long. 1° 7' W., sailed 
the following courses and distances, namely : 

1st. N.E. by N. 69 miles, 3rd. N. by W. A W. 78 miles. 

2nd. N.N.E. 48 miles. 4th. N.E. 108 miles. 

5th. S.E. by E. 50 miles. 

.Required the direct course and distance, and the lat. and 
long, in ? 

Traverse Table. 



Courses. 


Dist. 


Diff. lat. 


Departure. 






N. 


S. 


E. 


w. 


N. E. by N. 


69 


57-4 




38-3 




N. N. E. 


48 


44-4 




18-4 




N. by W. i W. 


78 


74 '6 






22-6 


N. E. 


108 


76-4 




76-4 




S. E. by E. 


50 




27 -S 


41-6 




Direct course N. 31° 4' fi. 


252-8 




174-7 




Distance 272 miles. 




27-8 




22*6 








225 




152-1 





By the traverse table the difl’. lat. 225, and dep. 1521, 
gives for the course 31°, and for the distance, 272 miles. 
The computation is as follows : 
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For tke course, 

Uu course — dep ~ did. lat. 
22,5)152‘l(-6760 ^ tan 34° 4' 
1350 

171 

1575 

135 

135 



For the distance. 
diet. =s diff lat. v coa course. 
•8,2,8,4)225 (272 miles. 
1657 

503 

580 

13 



For tke diff. long, by mid-latitude sailing. 

Diff. long. = dep. -r cos mid-lat. 
cos 62° 4'= -46.8,4)1 52 1 (325 miles. 
14052 



Latitude left . . 


60“ 


9'isr. 


Diff. lat. 225 m. . 


3“ 


45' N. 


Latitude in . . 


63° 


54' N. 


Sum of lats. . . 


124“ 


3' 


} t sum, or mid-lat. 


62° 


~1'4 


Correction ... . 




2'4 


True mid-lat. . 


62° 


4' 



1158 

937 

221 

234 



Hence the diff long, by mid-lat. 
sailing is 325 miles £. 



Latitude in 63° 54' N. 
Meridional diff lat. 



For the difi. long, by Mercator’s sailing. 

Diff. long.=mer. diff'. lat. x tan 
course. 

tan course— •676 



Latitude left 60“ 9' N. iner. pts. 4545 

i) 



5026 

481 



184 

2704 

541 

7 



Diff long. . 325*2 miles. 



It thus appears that the diff. long. made during the tra- 
verse is 325 miles, on the supposition, however, that the 
traverse is correctly resolved into the single course and 
distance as given above ; in other words, that the balance 
of the departures is the same as the departure that would 
be made by sailing on a single course from the place left 
to that arrived at. But, as already shown, such is not the 
case ; and consequently the diff. long, just determined, must 
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be affected with error. To avoid this error it is necessary 
to proceed according to the second of the two methods 
described above, that is, in one or other of the following 
ways : 

WoBK OI' TUE PbKCKDING EXAMPLE ON MOBE COBBBCI 

Pbinciples. 

1st. By Mid-Latitude Sailing. 

2nd. By Mercator's Sailing. 

Noxe. The object of each of the following solutions is 
to determine the difference of longitude correctly ; the dif- 
ference of latitude is always accurately ascertained as above ; 
but to give a complete form to the work, the longitude 
table is annexed to the traverse table for finding the diff. 
lat. and the several departures. 



1. Solution by mid-latitude sailing. 



1 

TRAVERSE TABLE. 


LONGITUDE TABLE. 


Courses. 


Dist, 


Diff. lat. 


Departure. 


Lata. 


Sums. 


Mid. 

lats. 


Diff. 

long. 






N. 


S. 


E. | W. 


6<r 9- 






E. 


W. 


N. E. by N. 


69 


57-4 




38*3 


61° 6' 


121° 15' 


60° sr 


78 


| 


N. N. E. 


48 


44 '4 




18*4 


tfl" 50* 


122“ 50' 


61° 28- 


3S 




| N. by W. i W. 


78 


74-0 




22*6 


03" 5' 


124° 55' 


62° 27- 




49 


N. E. 


10S 


76-4 




76*4 ! 


64' 21' 


127° 26' 


63° 43' 


174 




j 8. E. by E. 


50 




27*8 


41*6 


63" 68' 


128° 14' 


04’ 7' 


95 


j 






252*8 












385 








27*8 












49 




Diff. lat. 


225 








Diff. long. 


336 





Note. As the diff. lat. made on any single course does 
not much exceed a degree, there is no need for any correction 
of the mid-lats. The two columns for diff. long, are filled 
up from the traverse table by this rule : — Take the mid- 
lat. as a course, and seek the corresponding departure in a 
dff. Igt. column, against which, in the diet, column will be 
found the number of miles in the diff. long. In the table 
the course 60° and diff. lat. 388 gives dist. 77, and the course 
61°, with same diff. lat., gives dist. 79 ; we therefore take 
78 for the course 60° as (30° 37' nearly is. In like manner 
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61° 28', is regarded as the mean between 61° and 62°, and 
02° 27', as the mean between 62° and 63°, while 63° 43', is 
regarded as 64°, so also is 64° 7'. 

2. Solution by Mercatofs sailing. 



TRAVERSE TABLE. I LONGITUDE TABLE. 



1 

Courses. 


j Dist. 


Diff. lat. | 


Late. 


Mer. 

Parts. 


1 ^ 
| SO 


Diff. long. 


t 




j N. 


8. 


60’ 9- 


4545 




E. 


W. 


1 N. E. by N. 


09 


57-4 




61" 6- 


4662 


117 


78-3 




1 N. N. E. | 


48 


! 44-4 




61” 50' 


4754 | 


92 


SSI 




N. by W. i W. : 


78 


| 74-0 




63° S’ 


4916 


162 




49-2 


N. E. 


10S 


76 4 


1 


04” 21' 


50SS 


172 


172 




S. E. by E. | 


50 i 




27-8 , 


62’ 53- 


5023 


05 

1 


97'3 


1 






252-8 










385'7 








27-8 










49'2 




Diff. lat. ; 


225 






Diff. long. 


336-5 





The two columns for diff. long, are, as before, supplied 
from the traverse table. By entering the table with the 
given course, we seek for the given mer. diff. lat. in a diff. 
lat. column, and against it, in the dep. column, we find the 
number of miles in the diff. long. To find the lat. and long, 
in, we have 

Latitude left 60° 9' N. Longitude left 1° 7' W. 

Diff. lat. 225 m. 3° 45 ' IS T . Diff. long. 336m. 5° 36 ' E. 

Latitude in 63° 54' N. Longitude in 4° 29' E. 

By the first mode of computation, in which the traverse 
is reduced to a single course and distance, the longitude in 
is 4° 18', which is 11' in error. 

In order now to find the more correct single course and 
distance, we have 



For the course. 

tan course =dlff. long-^-mer. dirt', lat. ; 
Lat. left 60" it’ Mer. parte 4545 
Lat. in 63° 54' „ 5026 1 

Mer. diff. lat 481 

336 -i. 481 = -6985 = tan 3 1° 56'. 



For the distance. 

Dist. = diff. lat. -z_ cos course, 
cos 34" 56'= -8,1,9,8)225 (275 mis. 

1640 

610 

573 
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Hence the correct course is N. 34° 56' E., and the dis- 
tance 275 miles. 

Note. It may be instructive to the learner to notice here 
that, agreeably to the general practice, in forming the co- 
lumn headed “lats.”, we have disregarded every decimal 
below -5 in the diff. lat. columns, and have replaced every 
decimal above '5 by unit : and in consequence of this, the 
final latitude in the former column comes out 63° 53' instead 
of 63° 54', as it ought to do. Now, although a fastidious 
attention to minute accuracy is seldom absolutely necessary 
in operations of this kind, yet when precision can be attained 
with very little extra trouble, it is always better and safer 
to aim at it. By noticing the consecutive number in the 
table, the influence of the decimal may be much more accu- 
rately estimated than by the rough general principle of 
rejecting it altogether, or replacing it by unit. Thus, it is 
plain that each decimal in the column headed N. is very 
nearly '5, or J-, and that in the column S. is very nearly equal 
to unit: the more correct “Longitude Table” above mil 
therefore be as follows : — 



Longitude Table. 



Lats. 


Mer. I’arts 


Mer. D. L. 

! 


Diff. Long. 


60° 9' 
61° 6'4 
61° 51' 
63° 5'J 
64° 22' 
63° 54' 


4545 

4663 

4756 

4917 

5090 

5026 


! 118 
93 
161 
173 
64 


E. 

78-9 

38-6 

173 

96-8 


W. 

48-8 


Longitude left . . 


1° V W. 


387-3 




Diff. Long. 338 "5 


r,° 38'i E. 


48-8 




Longitude 


in . . . 


4“ 31'4 E. 


338-5 





"We thus see that from not taking a more correct estimate 
of the decimals in the former work, the result was about 
2 miles of longitude too little. If the several courses and 
distances in the above traverse be correct, the longitude 

E 
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now deduced cannot err from the truth by more than a small 
fraction of a minute, provided an accurate table of Mer. 
Parts has been used. 

2. A ship from lat. 66° 14' N., and long. 3° 12' E., has 
sailed the following courses, namely : — 

1st. N.N.E. £ E. 46 miles. 3rd. N. W. 52 miles. 

2nd. N.E. * E. .28 „ 4th. N.E. by E. i E. 57 „ 

5th. E.S.E. 24 miles : 
required the latitude and longitude in ? 

Ans., lat. 68° 24' N. ; long. 7° 53' E. 

3. A ship from lat. 38° 14' N., and long. 25° 56' W., has 
sailed the following courses, namely : — 

1st. N.E. by N. ^ E. 56 miles. 4th. S.S.E. 30 miles. 

2nd. N.N.W. 38 „ 5th. S. by W. 20 „ 

3rd. N.W. by W. 46 „ 6th. N.E. by N. 60 „ 

required the latitude and longitude in, and the correct single 

course and distance ? 

Ans., lat. in, 40° 2'i- N. ; long, in, 25° 29' W. ; 
course, N. 10° 57' E. ; dist. 110i miles. 
Having now sufficiently discussed Mercator’s sailing, we 
are in a condition to explain the principles on which the 
table for correcting the mid-latitude referred to at page 59 
is constructed. 

Let l represent the proper difference of latitude. 

V the meridional difference of latitude. 

m the lat. in which the dist. between the two meridians = departure. 
L the difference of longitude of those meridians. 

Then for tan course, by plane, mid-lat., and Mercator’s 
sailings, we have 

departure L x cos m L l 

tan course = = = — . . cos m = -y- 

ILL C 

Hence, by dividing the proper diff. lat. I, by the meridional 
diff. lat. V, we get cos m, and thence m, the latitude of the 
parallel, the portion of which intercepted between the two 
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meridians is exactly equal to the departure, the length of 
this intercepted portion being 

L x cos m — departure (see p. 57). 

It is the difference between m and the latitude of the middle 
parallel that is inserted in the table referred to at p. 59. 

Note. Before concluding the present chapter, it may be 
as well to notice that, when in any example the diff. long, is 
given, and from knowing also two of the quantities, course, 
diff. lat., departure, or distance, it is required to find the 
lats. from and in, such example cannot be worked by Mer- 
cator’s sailing. The proper diff. lat. and the mer. diff. lat. 
may be found, but not the lats. themselves : the problem 
must be solved by mid-latitude sailing, as in the following 
instance. 

Ex. A ship sails in the N.W. quarter 248 miles, till her 
departure is 135 miles, and her diff. long. 310 miles : re- 
quired the lat. from and in ? 

By plane sailing the diff. lat. is found to be 208 miles=c 
3° 28', and from the equation last given above 

cos m — = - 4355 = cos 64° 11'. 

L 310 

Hence, the mid-latitude corrected is ?a=64 J 11' ; this is 
greater than the mid-latitude unmodified, by the correction 
in the table, namely by 3’ ; there- m jd. ] a t. . 64° 8' 

fore the mid-lat. is 64° 8', and half diff lat. 1° 44' 

proceeding as in the margin, we lat. from . 62° 24' N. 

readily determine the lats. from lat. in . 65° 52'N. 

and in. From neglecting the tabular correction the lati- 
tudes in other books are made too great. 

Again. If, with the diff long., one lat. be given, and the 
course, dist., or dep., mid-latitude sailing is not applicable 
to the finding of the other lat. For example : 

Ex. A ship from lat. 34° 29' N., sails S. 41° W., till her 
diff. long, is 680 miles : required her lat. in ? 

E 2 
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Mer. difF. lat. = diff. long. -j- tan course = 680-f*8693 =782 
Lat. from, 34° 29' N. . . Mer. Parts 2207 

Mer. diff. lat. . . . 782 

Lat. in, 23° 6' N. Mer. Parts . . 1425 

Hence the latitude arrived at is 23° 6' N. 



CHAPTER V. 

CUEEENT SAILING — PLYING TO WINDWABD — TAKING 
DEPABTUBES. 

If a current act upon a ship, her rate of sailing is neces- 
sarily affected by it, and in general both her rate and the 
direction in which she would otherwise move through the 
water. 

If the ship sail directly with or directly against the cur- 
rent, her rate oilly will be affected ; but if she sail athwart 
the current, both her rate of sailing and her course become 
subjected to its influence. 

The course, as determined from the compass (the usual 
corrections being made), marks the direction of the ship’s 
head, and in this direction the ship moves a certain distance 
in a certain time ; but the current carries her a certain other 
direction and distance in the same time, her actual motion 
being compounded of the two. It is thus the same — as far 
as position is concerned, disregarding the time of arriving 
at it — as if the ship had sailed the two distinct courses and 
distances in succession, so that current sailing resolves itself 
into a simple case of traverse sailing, as soon as the direc- 
tion and velocity of the current are ascertained. The di- 
rection of the current, or the point of the compass towards 
which it flows, is called the set of the current ; and its velo- 
city, or rate, is called the drift. 

The usual way of ascertaining the set and drift of a 
current unexpectedly met witli at sea, is to take a boat a 
short distance from the ship ; and, in order to keep it from 
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being carried by the current, to let down, to the depth of 
about one hundred fathoms, a heavy iron pot, or some other 
sufficient weight, attached to a rope fastened to the stem of 
the boat, which by this means is kept steady. The log is 
then hove into the current, the direction in which it is 
carried, or the set of the current, is determined by aid of a 
boat compass ; and the rate at which it is carried, or the 
hourly drift of the current, is given by the number of knots 
of the log-line run out in half a minute. 

Examples in Current Sailing. 

1. A ship sails N.W. a distance, by the log, of 60 miles, 
in a current that sets S.S.W., drifting 25 miles in the 
same time : required the course and distance made good ? 

This is the same as the following question, namely : — 

A ship sails the following courses and distances — 

1st. N.W. 60 miles. 2nd. S.S.W. 25 miles: 

what is the direct course and distance ? 



j 

| Courses. 


Dist. 


Diff. lat. 


Departure. 


! 




N. 


S. 


E. 


W. 


1 N. W. 


60 


42-4 






42-4 


s. s. w. 


25 




23-1 




*9 ’6 


Diff. lat. . . 


19-3 


Dep. 


52 



For this diff. lat. and dep. the course by plain sailing is 
N. 69° 38' W., and the distance is 55,V miles. 

2. A ship sailing at the rate of 7 knots an hour, is bound 
to a port bearing S. 52° W., but the passage is in a current 
which sets S.S.E., two miles an hour : it is required to shape 
the course ? 

Here one only of the two courses of the traverse is given, 
together with the resulting direct course ; to find the other 
component course : we shall give two solutions, the second 
by the traverse table. 
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Let 

2T 



B A be in the direction of the port, and B the 
place of the ship, B D in the direc. 
tion of the current — 2, and B C 
in the required direction = 7. Then 
in the triangle ABC, there are 
given the side B C = 7, the side 
C A = B 1) = 2, and the angle 
C A B = l) B A = 22° 30' +52° = 74° 
30', to find the angle ABC. In 
order to this, we have (p. 26), 

BC : C A :: ain 74° 30' : Bin ABC. 
that is, 7 : 2 : : '9636 : sin A B C. 

2 A B C = 15° 59' 

A B S = 52° 




7)1-9272 



sin 15° 59'= -2753 •*• coarseC BS ~ 67 ° 59 ' 



Otherwise. — In the triangle ABC, let A C, B C, and 

the angle C.A B, measure the 
same as in the above diagram ; and 
let C m be perpendicular to A B : 
then, by right-angled triangles, 

A C sin %A. = C m, and B C sin B = C m . . . . (1) . 
Hence, entering the traverse table with A = 74° 30' as a 
course, and A C = 2 as a distance, we get the dep. C «t=l-9. 

Again, with the dep. Cm — 1-9, and the distance B C = 
7, we get the course B = 16°, which added to A B S = 52°, 
gives 68° for C B S, the required course. 

The learner will observe that the solution previously 
given is at once derived from the equations (1) : for from 
these 

. -d Cm A C sin A 



3. A ship runs N. E. by N. 18 miles in three hours, in 
a current setting "W. bv S. two miles an hour : required the 
course and distance made good ? 

Ans. course li points, or N. by E. E. ; dist. 14 miles. 
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4. A ship in 24 hours sails the following courses in a 
current setting S.E. by S. 1§ miles an hour, namely: 

1st. S.W. 40 miles. 3rd. S. by E. 47 miles. 

2nd. W.S.W. 27 miles. Current, S.E. by S. 36 miles, 

required the direct course and distance made good ? 

Ans. course, S. 11° 50' W., dist. 117 miles. 

5. The port bears due E., the current sets S.W. by S. 
three knots an hour, the rate of sailing is 4 knots an hour : 
required the course to be steered ? 

Ans. course N. 51° E. 

6. A ship sailing in a current has by her reckoning run 
S. by E. 42 miles, and by observations is found to have 
made 55 miles, of diff. lat. and 18 miles of dep. : required 
the set and drift of the current ? 

Ans. set S. 62° 12' W., whole drift 30 miles. 

Plying to Windward. 

When a ship bound to a port has a foul wind, she can reach 
it only by tacking, that is, by crossing the wind on two or 
more courses, making a zigzag instead of a direct track. 
This is called plying to windward. 

Having sailed a certain distance as near to the wind as 
she can, the ship tacks about, recrossing the current of air 
at the same angle; and thus she crosses and recrosses 
always at the same angle, till she arrives at her port. 

Starboard signifies the righthand side, and larboard the 
lefthand side. When a ship plies with the wind on the 
right the starboard tacks are aboard, and when the wind is 
on the left the larboard, tacks are aboard. When a ship 
sails as near as she can to the point from which the wind 
blows, she is said to be close hauled. The following exam- 
ple will sufficiently illustrate the calculations usually neces- 
sary in plying to windward, a subject in which the learner 
will perceive that some knowledge of oblique-angled trian- 
gles is requisite. 
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Examples in Plying to Windward. 

1. Being within sight of my port bearing N. by E. ■§ E. 
distant 18 miles, a fresh gale sprung up from the N.E. : 
with my larboard tacks aboard, and close hauled within six 
points of the wind, how far must I run before tacking 
about; and what will be my distance from the port on the 
second board ? 

In the annexed diagram. A is the place of the ship, B 

that of the port, A C the 
distance on the first board, 
and C B that on the second. 
The direction of the wind is 
marked by w A, w' C. 

As the ship sails within 6 
points of the wind, the arc to m 
must be =6 points, and if w m 1 
be made also = 6 pointB, C B will be parallel to A in'. As 
w A C is 6 points, to' C A is 10, and since to' C B is 
also 6, B C A is 4. Again, B A N is 1|, and w AN is 4, 
to A B is 2£ . • . 0 A B is Sj. Hence, in the triangle ABC, 
we have given the side A B = 18, and the angles A and C 
equal to 81 and 4 points respectively, to find A C and C B. 

sin 4 points : sin 8J points = sin 74 points : : 18 : B C. 
sin 4 points : sin 34 points (B) : : 18 : A C. 




sin 4 pts. (C) Aritli. Comp. '1505 
: sin 84 pts. (A) . . . 9-9979 

: : AB = 18 .... 1-2553 

: BC = 25-23 .... 1-4037 



sin 4 pts. (C) Aritli. Comp. -1505 
: sin 34 pts. (B) ... 9-8024 

: : AB = 18 . . . . 1-2553 

: AC = 16-15 .... 1-2082 



lienee, the ship must sail 1G miles on the first tack, and 
then 25J miles on the second, to reach her port. The course 
on the second, or starboard tack, is G points — 4 points 
= 2 points, or N.N.W. 

2. If a ship can lie w-ithin G points of the wind on the 
larboard tack, and within 5| points ou the starboard tack, 
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required her course and distance on each tack to reach a 
port lying S. by E. 22 miles, the wind 
being at S.W ? 

Let A be the place of the ship, and B 
that of the port, and let the first course 
A C be on the starboard tack, the direc- 
tion w A beiDg that of the wind, and the 
arc to m = 54 points. If the arc w m! 
be made equal to 6 points, C B parallel 
to A in', will be the other course, or 
that on the larboard tack. 

w A C = 54 w' C A = 104, 10 ' C B = 6 /. B C A = 44 . 

Also B A S = 1, and w A S = 4 « A B = 5 B A C = J. 

Hence, in the triangle A B C, we have given the side A B 
= 22, and the angles A and C equal to 4 a point and 44 
points respectively, to find A C and C B. 

sin 44 pts. (C) Arith. Comp. ’1118 sin 44 pts. (C) Arith. Comp. ‘1118 
: sin 4 pt. (A) . . . . 8-9913 : sin 11 (or 5) pts. (B) . 9-9198 

: : A B = 22 . . . . 1-3424 ::AB= 22 . . . . 1-3424 

1 

:BC= 2-79 .... -4455 :AC= 23-66 . . . .1-3740 

The course C A S on the starboard tack is 1^ points, or 
S. by E. 4 E., 23 66 miles : the course on the larboard tack, 
beiug equal to the angle in' AN, is 6 points or W.N.W. 
279 miles. It is obvious, that when a ship close hauled is 
to reach her port on two tacks, she must steer on one tack 
till the bearing of the port is the same as the course on the 
other tack. And, as the foregoing illustrations sufficiently 
show, when the distance A B and the bearing of the port are 
known, we may always work by the following rule : — As the 
sine of the angle between the two courses is to the sine of 
the angle between the given distance and either course, so 
is that distance to the distance sailed on the other course. 

3. A ship is bound to a port 80 miles distant, and directly 
to windward, which is N.E. by N.^E., and proposes to 

e 3 
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reach her port at two boards, each within 6 points of the 
wind, and to lead with the starboard tack: required her 
course and distance on each tack ? 

Ans. starboard tack, N.N.W. I W., 104-5 miles ; 
larboard tack, E.S.E. ^ E., 104-5 miles. 

4. Wishing to reach a point bearing N.N.W., 15 miles, 
but the wind being at W. by N., I was obliged to ply to 
windward ; the ship, close hauled, could make way within 
6 points of the wind : required the course and distance on 
each tack ? 

Ans. larboard tack, N. by W., 17-65 miles ; 
starboard tack, S.W\ by S., 4-138 miles. 

5. The port bears N. by E. i E., 18 miles ; the wind 

blows from N.E., the ship after running 48 miles on the 
larboard tack within 6 points of the wind, tacks about: 
required her course and distance to the port on the second 
tack ? Ans. course N. 57° 35' W., dist. 49-58 miles. 

Note. — Whether a ship, when close hauled, reaches a 
point at two boards or courses, or, by more frequent tacking, 
at any number of boards, the actual distance sailed is just 

the same. Thus, suppose, first, the 
ship A reaches the point B on two 
boards A C, C B ; the whole 
distance sailed is A C + C B. Sup- 
pose, secondly, that she tacks at 
D, running D d parallel to C B, 
then tacking again, that she runs d e parallel to A C, and so 
on till she arrives at some point c in C B, and then sails on 
her last course, c B. Then, because the opposite sides of a 
parallelogram are equal d e = D E, and e' c = E C AD + 
d e -t e! c = AC. In like manner D d + e ef—C c C B = 
P d q. e e'-fc B. Hence, the distance AC + CB = AD + 
D d + d e -f e t' + c' c-f c B. 

When the port is directly to windward there may be some 
advantage in working up to it by a succession of short 
courses, as figured above ; for the wind may change, and 
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any change must be for the better, — and it is plain that at 
•whatever intermediate point on the above zigzag path the 
ship may be, she is nearer her port B than she would be 
by running the same distance along A C, C B. 



Talcing Departures. 

At the commencement of a voyage before the ship loses all 
sight of land, the distance and bearing of some known head- 
land, lighthouse, or other object, the last familiar spot likely 
to be seen, is taken, and the ship is supposed to have taken 
her departure from that place, the direction opposite to the 
bearing and the distance being regarded as the first course 
and distance, and are entered as such ou the log-board. 

The bearing being taken by the compass, it is customary 
for experienced navigators to estimate the distance by the 
eye, but the more correct method of taking a departure is 
to observe two bearings of the object, measuring by the 
log the distance sailed in the interim between the observa- 
tions, as in the following examples : — 

Examples in Talcing Departures. 

1. Sailing down the Channel the Eddy stone bore N.W. 
by N. ; and after running W.S.W. 18 miles, it bore N. by 
E. : required the course and distance from ^ 
the Eddy stone to the place of the last 
observation ? 

In the annexed diagram, A represents 
the place of the ship at the first observation, 

B its place at the second, and C is the object 
observed. By the question the angle N AC 
is 3 points, and the angle N B C is 1 point, 
also the course of the ship S A B is 0 
points. Consequently, for the number of points 
in the angles A, B, of the triangle ABC, we have 
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A = 16— 6 — 3 = 7, B - 16 — 10 — 1 = 5, C = 4. 
sin C, 4 points, Arith. Comp. . . 'ISOS 

: sin A, 7 points 9-9916 

: : AB = 18 1-2563 

:BC = 24-97 1-3974 

As the course from B to the Eddystone C is X. by E., 
the course from Eddystone to B must be directly opposite, 
namely S. by W, Hence, the departure, or first course and 
distance is S. by W. 25 miles ; the lat. and long, left being 
that of the Eddystone. 

2. Sailing down the Channel the Eddystone bore X.W. ; 
and after ruuning ~W. by S. 8 miles, it bore X.X.E. : re- 
quired the ship’s course and distance from the Eddystoue to 
the place of the last observation ? 

Ans. course S.S/W., distance 7-2 miles. 

3. At .three o’clock in the afternoon the Lizard bore 

X. by "W\ "W\, and having sailed 7 knots an hour "W. by 

X. J X. till 6 o’clock, the Lizard bore X. E. f E. : required 
the course and distance from the Lizard to the place of the 
last observation ? 

Ans. course S.W.f W., distance 19-35 miles. 

4. In order to get a departure I observed a headland of 
known latitude and longitude to bear X. E. by X. ; and 
after running E. by X. 15 miles, the same headland bore 
W.X."W. : required my distance from the headland at each 
place of observation ? 

Ans. first dist. 8J miles ; second, 10 - 8 miles. 

The ship having taken her departure, and her voyage 
being fairly commenced, she shapes her course according to 
her destination, by aid of a Mercator’s Chart, in which are 
marked the obstacles and places of danger she must avoid. 
Her hourly progress, as measured by the log, and the 
courses she steers from noon till noon, together with other 
noteworthy particulars, are registered on the log-board, 
which is a large black board properly divided into columns 
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for these several entries : the result of the 24 hours traverse 
— leeway, currents, &e., being allowed for — is determined 
every noon, as in the foregoing pages, and the latitude and 
longitude in, by dead reckoning, ascertained. 

Whenever practicable, these are corrected by means of 
astronomical observations, and the true latitude and longi- 
tude found : the place of the ship may then be pricked off 
on the chart, and from this place as a fresh starting point 
the course is shaped for another stage in the journey. A 
specimen of a ship’s journal will be given hereafter ; but as 
the determination of the latitude and longitude of a ship, 
independently of the dead reckoning, or the latitude and 
longitude by account, requires a knowledge of nautical 
astronomy, we must now proceed to the second part of our 
subject ; navigation proper terminating here. 



END OF THE NAVIGATION. 
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NAUTICAL ASTRONOMY. 



CHAPTER I. 

DEFINITIONS — CORRECTIONS OF OBSERVED ALTITUDES. 

Nautical Astronomy is that branch of the general 
science of astronomy which enables us to determine the 
situation of a ship at sea by means of celestial observations. 
It is, therefore, entirely occupied with the solution of one 
important problem, namely, the finding the latitude and 
longitude of any spot on the surface of the ocean : — of a place 
where the erection of a fixed observatory is impossible, and 
at which even the astronomical telescope cannot be used. 
It is because we are thus precluded from the advantages of 
an observatory, and of such instrumental aid as can be 
always supplied and employed on land, that observations 
at sea must be limited in their extent, and peculiar in their 
kind ; and it is on these accounts that a special system of 
practical astronomy must be devised for sea purposes ; and 
hence the propriety of the name Nautical Astronomy. The 
definitions which follow, however, have no exclusive appli- 
cation. 

Axis. — The axis of the heavens is merely the prolonga- 
tion of the axis of the earth : the axis of the earth is the 
diameter about which that body really turns from west to 
east ; the axis of the heavens is that about which the heavenly 
bodies appear to turn from east to west. In nautical 
astronomy, as well as in many parts of general astronomy, 
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we may regard these heavenly bodies to be, as they seem 
to be, all equidistant from the centre of the earth, and 
situated in the apparent concavity surrounding us, called 
the heavens: the points where the axis pierces this con- 
cavity are the poles of the heavens or the celestial poles . 

The learner need scarcely be informed that these are not 
determinate physical points fixed in space, like the poles 
of the earth ; we regard only the direction of these points, 
not their linear distance: linear distances of points or 
objects in the heavens do not enter into consideration in 
nautical astronomy, which takes note of angular distances 
only. The angular distance of two objects is the angle at 
the eye between the visual rays, or straight lines, proceeding 
one from each object, and meeting at the eye ; and it is 
plain that at whatever point in the straight line from the 
object that object be placed, the angular distance between 
the two will remain unaltered. In astronomy the eye of 
the observer is supposed to be at the centre of the earth, 
which is also the centre of our imaginary concavity ; and 
the angular distance of any two celestial objects must be 
the same however small or however great the radius of that 
concavity is supposed to be. This angular distance is, in 
reality, observed from the surface of the earth, but it is, 
by a certain correction hereafter explained, always reduced 
to what it would be if the eye were at the centre : the radius 
of the earth is the only linear measure introduced. 

Equinoctial. — The equinoctial, or the celestial equator, 
is that great circle of the celestial sphere of which the plane 
is perpendicular to the axis ; it is therefore marked out by 
the plane of the terrestrial equator being extended to the 
heavens, the poles of which are the poles of the equinoctial. 

Meridians. — The celestial meridians too are, in like 
manner, traced by extending the planes of the terrestrial 
meridians to the heavens: they are semicircles perpendi- 
cular to the equinoctial, and terminating in the poles of that 
great circle. 
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Zenith and Nadir. — The zenith is that point of the 
celestial sphere which is directly over the head of the 
spectator: a straight line from the centre of the earth, 
through any place on its surface, if prolonged to the heavens, 
would mark the zenith of that place. And the point in the 
celestial sphere diametrically opposite to this, is the nadir 
of that place. The line joining the zenith and nadir is 
evidently the axis of the rational horizon of the place ; and 
the points themselves the poles of the horizon. 

Vertical Circles. — The vertical circles of any place 
are the great circles perpendicular to the horizon of that 
place ; they are also called circles of altitude, because the 
altitude of a celestial object is the height of it above the 
horizon measured in degrees of the vertical circle passing 
through it. It is plain that all vertical circles meet in the 
zenith and nadir ; and that the complement of the altitude 
of any celestial body is the zenith distance of that body. 
Small circles parallel to the horizon are called parallels of 
altitude. 

The most important of the vertical circles of any place 
is that which coincides with the meridian : when an object 
is upon this, its altitude is the greatest ; it is the meridian 
altitude of the object : when the object is on the opposite 
meridian, or below the elevated pole, its altitude is the 
least. 

The vertical circle at right angles to the celestial meri- 
dian, and which therefore passes through the east and west 
points of the horizon, is also distinguished from the others : 
it is called the 'prime vertical. When an object is on the 
meridian, it is either due south, or due north : when it is 
on the prime vertical, it is either due east or due west. 

Azimuth. — The azimuth of a celestial body is the arc of 
the horizon comprehended between the meridian of the 
observer and the vertical on which the body is. The degrees 
in this intercepted arc obviously measure the angle at the 
zenith between the meridian and the vertical through the 
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body. Vertical circles are also frequently called azimuth 
circles. 

Amplitude. — This term is also applied to an arc of the 
horizon, — the arc, namely, comprised between the east point 
of the horizon, and the point of it where the body rises, or 
between the west point, and where it sets. Like the 
azimuth, the amplitude is measured by an angle at the 
zenith ; the angle, namely, between the prime vertical and 
that which passes through the body at rising or setting ; 
but, unlike the azimuth, the object must be in the horizon 
when we speak of its amplitude : whereas, whatever be its 
altitude, it always has azimuth. 

Declination. — The declination of a celestial object is 
its distance from the equinoctial, measured on the celestial 
meridian which passes through it ; bo that what is latitude, 
as respects a point on the earth, is declination in reference 
to a point in the heavens ; and as circles of latitude (terres- 
trial meridians) all meet at the poles of the earth, or of the 
equator, so circles of declination all meet at the poles of the 
heavens, or of the equinoctial. Also, parallels of latitude 
on the terrestrial, become parallels of declination on the 
celestial sphere. 

Polae Distance. — By the polar distance of a celestial 
object is meant the arc of the declination circle, from the 
object, to that pole of the heavens which is elevated above 
the rational horizon. When the object is on the same side 
of the equinoctial as the elevated pole, the polar distance 
is evidently the complement of the declination, or, as it is 
called, the co-declination : when the object and the elevated 
pole are on contrary sides of the equinoctial, the polar dis- 
tance is the declination increased by 90°. 

The altitude of the pole, above the rational horizon of 
any place, is always equal to the latitude of that place. Por 
the latitude is the distance of the zenith from the equi- 
noctial, and therefore the distance between the zenith and 
the elevated pole is the complement of the latitude; and the 
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same distance is equally the complement of the altitude of 
the pole above the rational horizon ; this altitude is, there- 
fore, equal to the latitude of the place. The depression of 
the equinoctial below the horizon, or its elevation above 
the horizon, in the opposite quarter, is the complement of 
the latitude, or the co-latitude, which is therefore measured 
by the angle the equinoctial makes with the horizon. 

The circles and terms now defined comprehend all those 
in most frequent use in Nautical Astronomy, and it is 
always to be understood, whenever we have spoken of the 
distance between two points, as measured on an arc of one 
of these circles, that the angular distance, or the degrees 
and minutes of that arc is uniformly meant, and not the 
linear extent of the arc. The circles referred to having no 
definite radii, the arcs referred to can have no definite 
length, though they subtend determinate and calculable 
angles. We have now only to mention one or two other 
circles of the celestial sphere occasionally referred to in 
nautical observations. 

The Ecliptic. — This is the great circle described by the 
sun in its apparent annual motion about the earth ; it is 
in reality the path actually described by the earth about 
the sun in the contrary direction. The ecliptic crosses the 
equinoctial at an angle of about 23° 1T\ : this is called the 
obliquity of the ecliptic ; it, as well as the points of inter- 
section, is subject to a small change. The two points of 
intersection are called the equinoctial points; the sun, in 
its apparent annual path in the ecliptic, passes through one 
of these points on about the 21st of March, and through the 
other on about the 23rd of September. At these times the 
days and nights are equal at all places where the sun rises 
and sets, because any point iu the equinoctial , in the appa- 
rent daily rotation of the heavens, is as long below the 
horizon as above, since the horizon of every place divides 
that and every other gi'eat circle into two equal portions. 
The poles are the only places on the earth at which the 
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sun, when in either of the equinoctial points, neither rises 
nor sets : the equinoctial then coinciding with the horizon, 
the sun revolves with its centre describing that circle, one 
half of its disc above, and the other below it. The small 
advance of the sun in its annual path is too minute in 24 
hours to sensibly affect this statement. 

The two points of the ecliptic, 90° distant from the equi- 
noctial points, are called the solstitial points, as the sun’s 
apparent motion at these points is so slow that he seems 
almost stationary : he passes through them about the 21st 
of J une and the 21st of December. 

Celestial Longitude. — The ecliptic is the circle on 
which the longitude of every heavenly body is measured : 
the point from which longitude is measured is the vernal 
equinoctial point, which is called the first point of the con- 
stellation Aries ; and, unlike terrestrial longitude, it is 
measured in one continued direction round the celestial 
sphere ; so that while terrestrial longitude can never exceed 
180°, celestial longitude may be of any extent short of 360°. 
The 360° of the ecliptic is conceived to be divided into 
twelve equal parts, called signs ; each sign is therefore an 
arc of the ecliptic of 30°. The names of the constellations 
through which these signs pass, and the symbols by which 
they are denoted, are as follows : — 



1. qp Aries (The Ram). 

2. ft Taurus (The Bull). 

3. IX Gemini (The Twins), 

4. 25 Cancer (The Crab). 

5. Leo (The Lion). 

6. rt£ Virgo (The Virgin). 

7. rTh Libra (The Balance), 



8. ni Scorpio (The Scorpion). 

9. $ Sagittarius (The Arrow). 

10. yf Capricornus (The Goat). 

11. Aquarius ( The Water- 

bearer). 

12. X Pisces (The Fishes). 



Of these, the first six signs are on the north of the equi- 
noctial, and the others on the south. The belt of the 
heavens about 16° wide, 8° on each side of the ecliptic, and 
in which these constellations are situated, and within the 
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limits of which the planets pursue their courses being called 
the zodiac, the 12 signs are frequently called the signs of 
the zodiac. 

Celestial Latitude. — The latitude of a heavenly body 
is measured from the ecliptic, north or south, on a circle 
perpendicular to it ; the circles of latitude all uniting in the 
poles of the ecliptic. 

Eight Ascension. — The right ascension of a celestial 
object is the arc of the equinoctial between the first point 
of Aries and the point where the declination circle through 
the object cuts the equinoctial. Thus, right ascension and 
declination in reference to an object in the heavens, corre- 
spond to latitude and longitude of a place on the earth. 
On the earth, longitude is measured from the first meridian 
(that of Greenwich in this kingdom) ; in the heavens, longi- 
tude and right ascension are both measured from the origin 
of the signs, — the first point of Aries, or where the ecliptic 
crosses the equinoctial, but always from W. to E. 

We see from these definitions that, as in the terrestrial 
great circles, every great circle of the heavens is accom- 
panied by another great circle at right-angles to it ; thus, 
latitude and longitude, declination and right ascension, 
altitude and azimuth, are all pairs of arcs perpendicular to 
each other. Those great circles all of which are perpendi- 
cular to another great circle, in other words, those great 
circles that all unite in the poles of another, are frequently 
called secondaries to the latter : thus, the meridians are 
secondaries to the equinoctial ; the circles of celestial lati- 
tude are secondaries to the ecliptic ; and vertical circles, 
or circles of altitude, are secondaries to the horizon. No 
measures in the heavens are the degrees, minutes, &c., of 
a small circle ; the distance between any two objects taken 
by an instrument is always the shortest distance ; and on 
a spherical surface, the shortest distance between any two 
points is the arc of the great circle joining those points. 
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On Time : — Apparent, Mean, and Sidereal. 

The interval of time between two successive appearances 
of the sun upon the same meridian, is the length of a day ; 
not of a day according to civil reckoning, or as measured 
by the 24 hours of a clock, but of a Solar day. The interval 
Bpoken of, is not uniformly of the same length ; for although 
the earth performs each of its diurnal rotations in exactly 
the same time, yet its annual motion of revolution round 
the sun is irregular. Solar days, therefore, vary slightly in 
length, and it is the mean of all these varying days that is 
taken for the common day, and divided into the hours, 
minutes, &c., as shown by clocks and chronometers, and re- 
ferred to in the common business of life : the common day, 
therefore, is the Mean Solar day, being the mean of all the 
Apparent Solar days. 

The Day, whether mean or apparent, is divided into 24 
equal intervals, called hours ; and each of these into minutes 
and seconds; an hour, minute, <fcc., of mean, or common 
time, is not precisely the same as an hour, minute, &c., of 
apparent time ; but the 24th part of the day is always called 
an hour. We thus see that the apparent day, though not 
of invariable length, is a natural day : it is the actual inter- 
val between two consecutive passages of the sun over the 
meridian. But the mean day, though of invariable length, 
is an artificial day ; it is not measured by the recurrence 
of any natural phenomenon. There is, however, a natural 
day, which, like the artificial mean day, is strictly invariable; 
it is called the Sidereal Day, and measures the interval 
between two successive appearances of the same fixed star 
on the meridian, and is the exact time occupied in one 
rotation of the earth on its axis. The distance of the fixed 
stars is so immense, that the earth’s change of place from day 
to day produces not the slightest effect upon their apparent 
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positions ; whatever star be observed, and whatever part 
of its crbit the earth be in, it is always found that the 
interval between two consecutive passages of the star over 
the meridian is uniformly the same in length : the interval is 
23h. 56m. 4 09s. of mean time. In the reckoning of astro- 
nomers, both the apparent and the mean day commences at 
noon, the former at apparent noon, or when the sun is 
actually on the meridian, the latter at mean noon, the 
instant when the sun would le on the meridian if his 
motion in right ascension were uniformly equal to his mean 
motion. But the Bidereal day commences when the first 
point of Aries is on the meridian. In each kind of day the 
astronomical reckoning is carried on from Oh. to 24h. But 
the nautical day, in keeping a ship’s account, is the same as 
the civil day, the reckoning beginning at midnight, counting 
12 hours till noon, and then 12 more till the next midnight, 
when a new day begins. It will be observed, therefore, that 
the astronomical day does not commence till 12h. of the 
civil day have expired : thus, August 15, at 9 o’clock in the 
morning, or as it would be recorded in the ship’s account, 
August 15 at 9h. a.m., in astronomical reckoning would be 
August 14, at 21h., that is, 8h. from the approaching noon, 
when a new astronomical day, namely, August 15 com- 
mences. It may be noticed here, that “a.m.” signifies 
in the morning ( Ante Meridiem) ; and “ p.m.” means in 
the afternoon ( Post Meridiem). 

Houb-anole. — The angle at the pole of the equinoctial 
which a meridian passing through the centre of the Bun 
makes with the meridian of the place of observation ia 
called the sun’s hour-angle from apparent noon ; this angle 
converted into time at the rate of 15° to an hour gives the 
apparent time at the place after noon, if the sun be west- 
ward of the meridian, and before noon if it be eastward. 
It is the time shown by a sundial. In observations for the 
time at sea, it is the sun’s hour-angle that ia usually the 
object sought : so that the time deduced is apparent time, 
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which is readily converted into mean time by help of the 
table for the “Equation of Time,” given at p. 1 of the 
Nautical Almanac, in which publication all the predicted 
phenomena concerned in Nautical Astronomy are recorded, 
like the common occurrences of life, in mean time. 

The hour-angle for any other celestial object is, in like 
manner, the angle at the pole between the two meridians, — 
one through the zenith, and the other through the object ; 
which angle is evidently always the difference between the 
right ascension of the meridian of the place, and that of 
the object expressed in degrees. 



On the Corrections to he applied to Observed Altitudes to 
obtain the True Altitudes. 

Altitudes of celestial objects are taken at sea by a quad- 
rant or sextant, which measures the angular distance of the 
object above the visible horizon of the observer. This is the 
observed altitude : but if the eye, instead of being above, 
were level with the surface of the sea, the angular elevation 
of the object would be measured from the sensible horizon. 
This is called the apparent altitude, and is obviously less 
than the observed altitude. The higher the eye, the greater 
of course is the excess of the observed over the apparent 
altitude ; a correction is therefore necessary to reduce the 
former to the latter, and this correction is alwavs subtractive. 

Cobeectiow fob Dip. —Let E be the place of the ob- 
server’s eye, and S the situation of the object whose altitude 
is to be found in angular measure, that is, the angle S E H, 
E H being tbe horizontal line.* Then, the observer’s 
visible horizon being the tangent to the earth, from E, 



* The sensible horizontal line is in strictness drawn from A ; but the 
nearest even of the heavenly bodies is so distant, that the length of A E 
may be considered as nothing in comparison ; that is, the angle at S, 
subtended by A E, is immeasurably small. 
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the altitude given by the instrument will be the angle 

SEH'; the difference between 
these two, namely, the angle 
H E H' is the Dip, or depres- 
sion of the visible horizon, and 
H is that which must be subtracted 
from the observed in order to 
obtain the apparent altitude of 
S. 

Draw C B from the centre 
of the earth to the point of 
contact B ; then H E H', and the angle C, are each the 
complement of CEB, and are therefore equal ; that is, C 
is equal to the angle of the dip. 

Now (Euc. 36, III.), if r be put for the radius of the 
circle, and h for the height A E of the eye, we have E B-’= 
(2 r-f-A) h — 2 rh+W. But since A 3 is very insignificant in 
comparison with 2 rlt, it may without appreciable error be 
rejected, so that we shall have, E B= ^/2 rh. Now, from the 
right-angled triangle BBC, we have E B = E C sin C = 
(/' + /;) sin dip; and, because the angle C is very small, 
never exceeding a few' minutes, the arc may be taken for 
its sine ; hence, equating the two expressions for E B, we 
have 



(*• + /i) dip = V 2 r h dip 



2 r h V 2rh , 

or = — - very nearly, 

r + ft r 



which is the length of the arc, to radius 1, that measures 
the angle of the dip due to the height h of the eye. This 
arc, for all values of h likely to occur in practice, is con- 
verted into minutes, and the table of “ Corrections for Dip” 
formed. 

As the number of minutes in the arc which measures C 
is the same, whatever be the radius of that arc, it follows 
that the number of minutes or nautical miles in the arc A B 



✓ o 

is the number of minutes in the dip ; and since — — is the 
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length of the arc measuring C to radius 1, it follows that 
\/ 2 rh is the length of the arc A B : this, therefore, being 
calculated in nautical miles for successive values of h, the 
table referred to may be constructed a little differently. 

Cobbectiott BOB Semi-diameteb. — When the body 
whose altitude is to be taken is either the sun or the moon, 
the altitude furnished by the instrument is that of either 
the lowermost or uppermost point of the disc, called the 
lower or upper limb of the body ; a correction, therefore, for 
semi-diameter must be applied, after that for dip, in order 
to get the apparent altitude of the centre. This correction 
is the angle subtended at the eye by the semi-diameter of 
the body observed ; it is given for every day in the Nautical 
Almanac. The moon, however, being so much nearer to the 
earth than the sun, her diminution of distance, in ascending 
from the horizon towards the zenith, has a sensible effect 
upon her apparent magnitude ; her semi-diameter measures 
more when she is in the zenith than when she is in the 
horizon, for she is nearer, by a semidiameter of the earth 
in the former case than in the latter, and there is a gradual 
augmentation of her diameter as she gradually ascends. 
The moon is only about sixty semi-diameters of the earth 
off when in the horizon, so that her semi-diameter when in 
the zenith, is about one-sixtieth part of the whole greater, 
and the amount of augmentation for any altitude is found 
by multiplying one-sixtieth of her horizontal semi-diameter 
by the sine of her altitude. In this way the table intitled, 
“ Augmentation of the Moon’s Semi-diameter,” is con- 
structed. The number of seconds placed against the alti- 
tude in tins table must be added to the horizontal semi- 
diameter, given in the Nautical Almanac, to obtain the 
semi-diameter proper to that altitude. 

With respect to the sun, his distance from the earth 
is so great that the augmentation of his semi-diameter, 
as he increases his altitude, is practically insensible. 
Hence, 

r 
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* For the apparent alt. of the Sun's centre . — To the observed 
alt. apply the corrections for dip and semi-diameter. 

For the apparent alt. of the Moon's centre. — To the ob- 
served alt. apply the corrections for dip, semi-diameter, and 
augmentation. 

Cobbection foe Refraction". — As the lower parts of 
the atmosphere surrounding the earth are compressed by 
the weight of the upper, the density of the air diminishes 
the higher we ascend. A ray of light, therefore, from any 
celestial object, upon entering our atmosphere, meets with 
an obstruction which becomes more and more sensible the 
deeper into it the ray penetrates. The ray is thus bent 
more and more out of its rectilinear course, and its path 
through the atmosphere, instead of being a straight line, 
is deflected into a curve concave to the earth. The direction 
of the object from which the ray proceeds, being judged of 
by the direction in which the ray arrives at the eye, is thus 
erroneously inferred : wc see the object raised above its real 
place, and so, except when it is in the zenith, regard its 
altitude as greater than it actually is. The correction, 
therefore, for this refraction of the rays of light, is like that 
for dip, always subtractive. The more obliquely the ray*3 
enter the atmosphere, the greater is their refraction : when 
they enter perpendicularly, they are not refracted at all : 
, hence when the object is in the horizon, the refraction is 
greatest; it diminishes as the object ascends, and becomes 
nothing at the zenith. In different states of the atmosphere 
the refraction for the same altitude, is of course different ; 
the table gives the value of the correction for the mean 
state of the atmosphere, and to this is sometimes annexed 
a second table modifying the corrections of the former 
according to the actual condition of the atmosphere, as 
shown by the thermometer and barometer at the time and 
place of observation ; but this additional table is but seldom 
made use of at sea. It is however given at p. 340, of the 
mathematical tables accompanying this work. 
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Cobee ction fob Parallax. — Before the altitude of any 
celestial object can be employed for any practical purpose, 
it must be reduced to what it would have been if taken not 
from the surface, but from the centre of the earth, and 
measured not from the sensible, but from the rational hori- 
zon of the place of observation. In the case of a fixed star, 
the distance is so immense, that the radius of the earth 
dwindles in comparison to a point, and there is no measur- 
able difference between an altitude taken from the centre 
and an altitude taken, at the same time, from a point 
directly above the centre, on the surface. But as respects 
the sun and moon, especially the latter, the angle at the 
body subtended by the radius of the earth, and which is 
called the Parallax in altitude, is of appreciable magnitude. 

Let S be the object observed, A the place of observation, 
A H the sensible, and C D the rational 
horizon: the observed altitude when 
corrected for dip, semi-diameter, and 
refraction, will be measured by the 
angle S A H, which is the true altitude 
of the centre above the sensible hori- 
zon, and SCI) will be the true altitude 
of the centre above the rational horizon. 

The difference between these two angles, since S C D = 
S B H, is 

S B H — S A H=A S C, the parallax in altitude. 

And the true altitude S C D, of the centre above the 
rational horizon C D, is 

S C D = S 1JH = S AH + A S C, the true altitude. 

Hence while the correction for refraction is subtractive, 
the correction for parallax is additive. The horizontal 
parallax is the angle A H C : this is given for eveiy day 
in the year in the Nautical Almanac; that for the sun 
never varies much from 9", but that for the moon changes 

v 2 
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considerably ; it is given both for noon and midnight, 
Greenwich time. 

From the horizontal parallax, the parallax in altitude is 
easily computed ; for referring to the triangle SAC, we 
have the proportion 

SC: AC:: sin SAC: »In A S C. 

or H C : A C : : sin 8 A Z : sin AS C =44 cos S A H. 

H 0 

„ AC 

Out -r, = sin A H C, the hor. parallax, and cos S A II — cos alt. 
xi Kr 

And since the parallax in altitude A S C is always a very 
small angle, we may substitute the seconds in the measur- 
ing arc for the time : we thus have, 

Par. in alt. in seconds = Hor. Par. in. seconds x cos alt. 

And it is from this expression that the table for parallax 
in altitude is constructed. In the table headed “ Correc- 
tion of the Moon’s Altitude,” the joint correction for both 
refraction and parallax is given; it exhibits the value of 
parallax minus refraction. 

The two corrections just explained (Refraction and Paral- 
lax) applied to the apparent altitude of any point in the 
heavens, reduces the apparent to the true altitude of that 
point, as if the observer’s eye were at the centre of the 
earth, and the angular elevation taken from the rational 
horizon. Hence, 

For the true altit ude of the centre of Sun or Moon. — To the 
apparent altitude apply the corrections for refraction and 
parallax. As already observed the stars have no parallax. 

In taking from the Nautical Almanac the measures 
there given for semi-diameter and horizontal parallax, it 
must not be forgotten that these measures are what they 
would be if observed from the centre of the earth at the 
Greenwich time recorded in the almanac. Now for the 
v won, they vary slightly but perceptibly from hour to hour. 



Digitized by Google 




EXAMPLES OF CORRECTION'S. 101 

so that for any intermediate time at Greenwich the corre- 
sponding values must be found by proportion. The time at 
Greenwich, and the instant of any observation or event 
elsewhere, is the Greenwich Date of that observation or 
event ; it is found by converting the longitude of the place 
of observation into time at the rate of 15° to an hour, as 
already noticed at page 94. 

Having now explained all the corrections necessary to be 
applied to an altitude observed at sea, in order to deduce 
the true altitude, we shall proceed to a few examples : we 
must first remark, however, that even the observed altitude 
itself is affected with error ; it is not that which an instru- 
ment entirely free from all imperfection would give. Such 
an instrument was never constructed by human hands. It 
is scarcely too much to say, that no chronometer, for in- 
stance, whatever the care and skill bestowed upon it, ever 
showed exact time; nor did any quadrant or sextant ever 
accurately measure an altitude. But this imperfection is 
of far less consequence than might at first be supposed : 
it is of but little moment whether a time-keeper lose or 
gain, provided only it lose or gain uniformly, because, from 
knowing its error at any one instant, we can easily, from 
the uniform increase of that error, compute its error at any 
other instant, and thence obtain the correct time. So with 
respect to the sextant or quadrant, the index error, as it is 
called, being known, and there are several ways of deter- 
mining it as will be hereafter noticed, the proper allowance 
for it can always be made, and the correct observed alti- 
tude obtained, as in the examples following: 



Examples of Correcting Altitudes taken at sea. 

A Star. — 1. If the observed altitude of a star be 42° 3G', 
and the height of the eye 18 feet, what will its true alti- 
tude be, supposing the index error of the instrument to be 
3' 18” subtractive ? 
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Observed Alt 42° 36' 0“ 

Index cor. . —3' 18" 1 _ „ Q „ 

Dip . —4' 11" J • 1 

Apparent alt 42° 28' 31" 

Refraction — V 4" 

Tree altitude . . . . 42° 27' 27" 



2. The altitude of a star is 43° 12', the height of the eye 

18 feet, and the index error +2' 24": required the true 
altitude ? Ans. true alt. 43° 9' 11". 

3. The altitude of a star is 16° 33', the height of the eye 
17 feet, and the index error +3' : required the true altitude ? 

Ans. true alt. 16° 28' 42". 

The Suh. — 4. On a certain day the observed altitude of 
the sun’s lower limb was 28° 16', the height of the eye was 
20 feet, the index error was — 2' 38”, and the semi-diameter 
of the sun, as given for that day in the Nautical Almanac, 
was 16' 4” : required the true altitude of the centre ? 

Note. — T he sun’s horizontal parallax may always be 
taken at 9". 

Observed elt. sun’s L. L. . . 2S° 1C' 0" 

Index cor. . . — 2' 38" n 

Dip . —4' 24" l +9' 2" 

Semi-diam. . . +16' 4" J 

App. alt. centre .... 28° 25' 2" 

Itefrac. and par — 1' 39" 

True alt. centre . . . 28° 23' 23" 



5. The observed altitude of the sun’s lower limb on a 
certain day was 16° 33', the height of the eye was 17 feet, 
the index error was + 3', and the semi-diameter of the sun, 
as given in the Nautical Almanac for the day, was 16° 17': 
required the true altitude of the centre ? 

Ans. true alt. 16° 45' 1". 

G. The altitude of the sun’s upper limb was 47° 26', the 
height of the eye 20 feet, the index error — 1' 47", and the 
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sun’s semi-diameter 15' 19" : required the true altitude of 
the centre ? Ans. 47° 3' 12". 

The Moon. — 7. The observed altitude of the moon’s 
upper limb was 41® 23', the index error was +2', the height 
of the eye 15 feet, the horizontal semi-diameter at the time 
15' 10", and the horizontal parallax 55' 40": required the 
true altitude of the moon’s centre P 



Observed alt. moon’s U. L. 

Index cor. . . . + 2' 0 * 

Dip . . . . — 3' 49" 

Semi-diameter 
+ 10" for Aug. 

App. alt. centre . . . . 

Refraction and par., or correction 1 
of moon’s apparent altitude . J 
True alt. moon’s centre 



T 1 . . — 15' 20" 

8- J 




41° 5' 51" 
+ 40' 50 " 



41° 46' 41" 



8. The observed altitude of the moon’s upper limb was 
46° 18' 49", the index error — 6", the height of the eye 20 
feet, the moon’s horizontal semi-diameter at the time 16' G", 
and the horizontal parallax 59' 7 " : required the true alti- 
tude of the moon’s centre ? 

Ans. true alt. 46° 38' 11". 

9. The observed altitude of the moon’s lower limb was 
36° 39' 46", the index correction +2' 17", the height of the 
eyo 22 feet, the moon’s horizontal semi-diameter at the 
time 15' 10", and the horizontal parallax 55' 33" : required 
the true altitude of the moon’s centre ? 

Ans. true alt. 37° 35' 52". 

Note. — In the preceding examples the- horizontal semi- 
diameter and the horizontal parallax of the moon, have 
been considered as those due to the body at the instant of 
observation. In the Nautical Almanac these quantities are 
given only for every noon and midnight at Greenwich, and 
they vary sufficiently, at least the latter, in the interval, to 
render it necessary, if strict accuracy be required, to make 
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allowance for that variation whenever the Greenwich titne 
at the instant of observation is intermediate between Green- 
wich noon and midnight. But in finding the latitude at 
sea, the omission of a single correction amounting only to 
a few seconds is not of much practical consequence, so that 
the allowance alluded to is usually disregarded. If the 
latitude can be determined to the nearest minute, it is as 
much as can be expected considering the difficulty of taking 
an altitude at sea with precision ; and indeed it is as much 
as the safety of navigation requires. Still when the time 
of an observation of the moon is some hours distant from 
Greenwich noon or midnight, as we can easily allow for 
those hours, by a simple inspection of the noon and mid- 
night horizontal parallax in the almanac, we may as well 
do so. When we come to treat of the problem of the 
longitude , we shall take more exact account of the small 
corrections of the moon’s altitude. 



CHAPTEK II. 

ON FINDING THE LATITUDE AT SEA FROM A MERIDIAN 

ALTITUDE. 

TrtE best method of determining the latitude of a ship 
at sea, is that which is deduced from an observed altitude 
of a celestial object when on the meridian of the place. It 
is to be preferred on two accounts : first, because the obser- 
vation can in general be made with greater accuracy ; and 
secondly, because the necessary calculations are easier and 
fewer in number.' The most desirable object to observe is 
the sun, which is on the meridian at the ship’s apparent 
noon, and accordingly the opportunity of taking his altitude 
at that time should never be disregarded at sea. A star of 
known declination is also a very suitable object ; but when 
the stars begin to appear the horizon generally becomes too 
obscure to be sufficiently well defined, a hindrance, however, 
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which may be sometimes removed by employing an Artificial 
Horizon to be hereafter noticed. The moon is not so well 
calculated to give the latitude with accuracy as the sun or a 
star, because the moon’s declination changes considerably 
even in an hour, and as the declination of the body observed, 
as well as its meridian altitude, must be known, if there be 
much error in the ship’s longitude by account, and conse- 
quently in the Greenwich date of the observation, there will 
be a proportionate error in the declination, and hence iu 
the latitude inferred. The declination of a star may be 
regarded as constant, so that there will in this case be no 
occasion for finding the Greenwich date of the observation ; 
and the declination of the sun varies so slowly, that even 
a considerable error in the ship’s longitude, and therefore 
in the Greenwich date of the observation, will occasion no 
error of consequence in the declination at the time of that 
observation. The way in which the latitude of the place of 
observation is deduced from the meridian altitude and decli- 
nation of a celestial object is easily explained as follows : — 
Let the circle in the annexed diagram represent the meri- 
dian of the observer at Z his zenith, 
and H IT his rational horizon. Let 
also E Q be the equinoctial, and N 
the pole which is elevated above the 
horizon. Then in reference to an 
object S, on the meridian, S Z will 
always be the co-altitude, S Q or S E 
the declination, and E Z or H N the latitude. Now with 
respect to the elevated pole N, and the zenith Z, the object 
must be situated in one or other of the four positions 
marked S„ S 2 , S 3 , S 4 ; and taking these in order we have for 
the latitude E Z, 

E Z = E S, + S, Z, that is lat. = dec. + zenith distance. 

E Z = E S, — 8, Z, ,, lat. = dec. — zenith distance. 

E Z = 8, Z — E S s , ,, lat. = zenith diet. — declination. 

HN = HS 4 + S,N, „ lat. = altitude + co-declination. 

r 3 
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In this last position, where the elevated pole is between 
the object and the zenith, the object is said to be below the 
pole : in the other positions it is situated above the pole. 
When the zenith is north of the object, the zenith distance 
of it is said to be north ; and when the zenith is south of it, 
the zenith distance is said to be south : hence, we have the 
following rule for finding the latitude from the true altitude 
when the object is above the pole. 

When the object is above the pole.—Ii the zenith distance 
and the declination have the same name, that is, if both be 
north or both south, their sum will be the latitude. 

If the zenith distance and the declination have different 
names, that is, if one be north and the other south, their 
difference will be the latitude, of the same name as the 
greater. 

When the object is below the pole, the latitude is equal to 
the sum of the true altitude and the co-declination, of the 
same name as the declination. 

As it is necessary to know the declination of the object 
observed at the time of observation, or at the Greenwich 
date of it, we must know how to convert degrees, minutes, 
&c., of longitude into time, from the relations 15° = l h , 
15'= l m , 15" = 1*. These relations suggest the following 
rule : 

Conversion of Longitude into Time. — Rule. Multiply the 
degrees, minutes, and seconds, each by 2. Divide each 
result by 30 : the quotient, from the degrees , will be hours, 
and twice the remainder will be the minutes : we shall thus 
have the hours and minutes in the degrees. The quotient 
from the minutes will be minutes of time, and twice tbe 
remainder will be the seconds : we shall thus have the 
time in the minutes of longitude. And lastly, the quotient 
from the seconds will be seconds of time. 

Example 1. Convert 34° 44' 34" into time. 

The double of this is 68° 88' 68", and dividing each deno- 
mination separately by 3, cutting off the unit figure for 
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the 0 suppressed in the divisor 30, and remembering to 
double eacli remainder, the operation will stand thus : 



3)6,8° 8,8' 6,8" 



2 


16 






2 


56 






2 -27 


2 1 * 


18“ 


58-27 



The division of the seconds is carried on to decimals, 
these being always used instead of thirds. 

2. Convert 108° 24' 22" into time. 



3)21,6° 


4,8' 


4,4" 


7 


12 


t 




1 


36 ’ 






1 -47 


7“ 


13“ 


CO 

m 



3.. 84° 42' 30" in time is 5* 38” 50 s . 

4. 93° 37' 41" „ 6 h 14” 30»-72. 

5. 230° 32' 10" „ 15* 22” 8-7. 

The preceding method of converting degrees, &c. into 
time, will be found much more convenient than that in 
common use. 

In order to convert time into angular measure, multiply 
the number of hours by 15', the product is so many degrees. 
Divide the minutes and seconds by 4, and reckon every 
unit of remainder as 15', if minutes be the dividend, and as 
15” if seconds be the dividend. 

For example: let it be required to convert 3 U 14” 23* 
into angular measure, as also 5 h 19” 37*. 



3 h = 45° 

14™ = 3" 30' 

23* = 5' 45" 

48° 35' 45" 



5 h = 75° 

19 m = 4° 45' 

37 s = 0 ' 15" 

79° 54' 15" 
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Latitude from Meridian Altitude of the Sun above the Pole. 

Rule 1 . — From the longitude by account, find the appa- 
rent time at Greenwich ; that is, the Greenwich date of the 
observation in apparent time. 

2. From p. I of the month in the Nautical Almanac, 
get the sun’s declination at apparent noon at Greenwich, 
and from the hourly variation of the declination there given, 
and the Greenwich date, find the proper correction for that 
date : the declination at the time of observation will thus be 
obtained. 

3. To the observed altitude apply the proper corrections 
for reducing it to the true altitude, which subtracted from 
90° will give the zenith distance. 

4. Mark the zenith distance N. or S. according as the 
zenith is north or south of the sun; then if the declina- 
tion and zenith distance have the same marks, their sum 
will be the latitude : if they have different marks, their 
difference will be the latitude, of the same name as that of 
the greater of the two quantities. 

Note. — After the preliminary reduction of the declina- 
tion to the time of observation, the first step in the work, 
for obtaining the apparent altitude of the centre of the sun 
or moon from the observed altitude, comprehends the unit- 
ing of the three corrections for index error, dip, and semi- 
diameter, into one : when the signs of these three items 
are not all alike, the finding of the balance of them is n 
little inconvenient. But both the index error and the dip 
being always known before the observation, their combined 
effect is also known, and may therefore be written down as 
one correction. 
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Examples. The Latitude from Meridian Altitude of the 
Sun alove the Pole. 

1. March 4, 1858, in longitude 86" 34' IV., the observed 
meridian altitude of the sun’s lower limb was 46" 4S' 30" 
(zenith N.), the correction for index and dip was — 4' 6" : 
required the latitude ? 

1 . For the app. Hint at Greenwich. 

Longitude by account . . . 36° 34' W. 

2 ' 

3 0)17,2° 6,8' 

5 44 



Greenwich date (app. time) . . . 5 h 46 m 

The variation for this time mast be subtracted, as the declination is 
decreasing (See Nautical Almanac). 

2. For the dec!., Greenwich date. 

Dec. app. noon, Nautical Aim. 



6° 25' 46" S. 


Diff. for l h . 


. — 57"'81 


— 5' 83" 




5 


6° 20' 13" S. 


in 5 h . 


. 289" -or, 




in 30™ . 


28" *91 




in 15™ . 


14" -45 




in l m . 


•90 



Variation in 5' 1 46 m . . . 5' 33'' = — 383'' # 37 



3. For the Latitude. 

Observed alt. sun's L. L. . . . 40° 48' 30 - ' 



Index and dip. 


• - 4 ' 6 ;;i + 12 ' 3- 


Semi-dinm. 


+ 16 9 J 


App. alt. of centre 


. 46" 0' 33" 


Refraction — parallax 


. . —50" 


True alt. of centre * 


. 45° 59' 43" 




90’ 


True zenith distance 


. . 44° 0' 17" N 


Declination G. Date 


6° 20' 13" S. 


Latitude . 


. . 37° 40' 4" N. 
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Note. — T here is no absolute necessity to find the Green- 
wich date of the observation, in order to get the declination 
at that date. If we double the hourly variation, divide by 
30, and then multiply by the number of degrees and frac- 
tion of a degree in the longitude, the proper correction of 
the declination will be obtained : thus, 

* i 

Hourly variation 57" - 81 

2 

3'0 )il^r62 

3-854 

86 reversed 68$ 

30832 

2312 

193 

Cor. ofdeclin 338" -87 

The principle of this second method of correcting the 
declination for longitude is easily explained. The hourly 
variation is that due to 16° of longitude ; hence, the double 
of it divided by 30 is the difference of declination due to 1° 
of longitude ; and this difference multiplied by the degrees 
of longitude of the ship, must give the proper correction 
of declination. Any odd minutes in the longitude amount- 
ing to less than a quarter of a degree, may be disregarded, 
as they will not make 1" difference in the result. 

2. May 29, 1858, in longitude 31° 17 ' W., the observed 
meridian altitude of the sun’B lower limb was 65° 42' 30" 
(zenith N.), the index error was — T 9", and the height of 
the eye 13 feet : required the latitude ? 

1. For the app. time at Qreenwich. 

Longitude by account . . . 31° 17' W. 

2 

3,0 )6, 2° 3,4 
2 4 

1 

Greenwich date . . . . 2 h 5 ni 
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2. For the declin., Greenvnch date. 


111 


Noon Declin. 


. 21° 37' 24” N. 


Hourly diff. . 


+ 22" -83 


Cor. for long. 


. . +48" 




2 


Declination . 21° 38' 12” N. 


in 2 h . 
in 6 ,n , 


. 45-66 

1-90 




Increase of declination in 2 h 5 m . 


+ 47 "-56 



S. For the Latitude. 



Observed alt. sun’s L. L. . . . 65° 42' SO" 

Index and dip . . . — 4' 42" 1 * , , 

Semi-diam + 1 5' 49 " J 



App. alt. of centre 


. . 65° 53' 37" 


Refraction — par. . 


— 22" 


True alt. of centre 


. . 65° 53' 15" 




to 

o 

0 


True zenith dist. . 


. 24° 6' 45" N. 


Declin. Greenwich date 


. . 21® 38' 12" N. 


Latitude 


. 45° 44' 57" N. 



The declination at the time of observation is found by the 
method in the Note as follows : — 

Noon declination . 21° 37' 24" Diff. for l fc +22” ’83 
Cor. for longitude . — 48” 2 

Declination . 21° 38' 12" 3,0)4, 5 - 66 

"Ts22 

31 reversed . 13$ 

4566 

152 

38 

Cor. of declin. + 47" ’56 



3. September 23, 1858, in longitude 94° E., the meridian 
altitude of the sun’s upper limb was 75° 20' (zenithS.), and 
the correction for index and dip was — 4' 42" : required the 
latitude ? 
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1. For the app. time at Greenwich, 
Longitude by account . , . 94° E. 

2 

3*0)18*8 

Greenwich date, before noon . . 0 h 16“ 



2. For the declin., Greenmch date. 



Noon declin. . . 0° 3' 24’ R. Diff. in l u +58" -47 

Cor. for K. longitude . — 6' 6" 0 



Prolinatiok . 0" 2' 42" N. 



Cor. of declination 



in 6 h 350 "-82 

in 15 m 14" -62 

in 1™ 1" 

. +36(5” == 6' iP 



3. For the Latitude. 



Obs. alt. U. L. 


. . . 75° 20' 0" 




Ind. and dip . 


4' 42’ 1 

l — 20' 41 " 




Semi-diam. . 


I 

1 

cv 

o 

r— < 

1 




App. alt. centre 


. . 74° 59' 19" 




Ref. — par. . 


— 14" 




True alt. centre ,. 


. . 74° 59' 5" 






O 

o 




True zenith dist. • 


. 15° 0' 55" 


S. 


Declination 


0° 2' 42" 


N. 


Latitci>k 


. 14° 58' 13° 


S. 



In this example the Greenwich time of the observation 
wa9 G h 1G“ before the noon of the 23rd. The hourly differ- 
ence is subtractive, because the south declination, in pro- 
ceeding from the noon of the 23rd towards the noon of 
the 22nd, decreases. As the decrease of S. declination 
exceeds the S. declination at noon, the declination must 
have changed from Is. to S. in the interval. 

In finding the correction of declination for longitude, 
the learner will in general find the second method to be a 
little more easy and convenient than the first, and the 
work will he facilitated if he always prepare a blank form 
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of the operation previously to commencing it. Nor should 
he neglect, when once the Nautical Almanac, or the book 
of Tables is in hand, to make all the use of it he can in 
anticipation of what he may want to extract : thus, at the 
time of taking out the declination, he should also take out 
the semi-diameter, putting it in its proper place in the 
blank form. The following is a specimen of such a form, 
when the second method of finding the declination at the 
Greenwich date of the observation is used. 

Blank form for the Sun. 



O # » W 

Noon Deciin. Diff, in 1 '* ... 

Cor. for long. .... x 2 

Declihation- 3,0) .... 



Long. x . . . . 



Cor. of decl. for long " 

%* The longitude is to be taken only to the nearest half degree, or at 
most to the nearest quarter. 



Observed altitude (L. L. or U. L. ) 

Index and dip 

Semi-diazn. 

App, alt. centre 
Ref. — par. 

True alt. centre 



True zenith dist. 

Declination 

Latitude 



© f n 




90 



The same form will serve equally for a planet, as in the 
following example : — 

4. Jan. 29, 1858, in longitude 58° 37' E., the observed 
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meridian altitude of Jupiter’s lower limb was 49° 18' 35", 
(zenith N.), the index error was + 4' 10™, and the height 
of the eye 22 feet : required the latitude ? 

Declin. on Mend, of G. . . 13* 2' 27" N. Diff. Id l b . +5"-3 
Correction for long. . . . —21 " 2 

Declination . . 13° 2' 6* N. 3, 0)1, 0*6 

353 

Long, reversed . . 85J 

177 

28 

2 

Cor. for long. . . 20” -7 

The correction of the declination is subtractive because the longitude 
is E. 



Oba. alt. L. L. 




. 49° 18' 35" 


Ind. and dip. 


;» 


• - 27 "-l -8" 


Semi-diam. 


. 


+ 19" J 


App. alt. centre . 




. 49° 18' 27” 


Ref.— par. 


* 


. . -49" 


True alt. centre 




. 49° 17' 38" 






90* 


True zenith diet. 




. . . 40° 42' 22" 


Declination 




. . . 13° 2' 6" 


Latitude 


• 


. . 53° 44' 28” 



Latitude from Meridian Altitude of a fixed Star above 

the Pole. 

As already remarked, a star changes its declination so 
slowly, that any correction for longitude is insensible. And 
as moreover a fixed star has no parallax in altitude, nor 
any diameter, the only corrections of the observed altitude 
will be those for index error, dip, and refraction ; the rule, 
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therefore, for deducing the latitude from a star is as 
follows : — 

Rude 1. Correct the observed altitude for index, dip, 
and refraction ; the result will bo the true altitude, which 
subtracted from 90° will give the zenith distance. 

2. Mark the zenith distance N. or S. according as the 
zenith is N. or S. of the star ; then, if the declination, taken 
from the Nautical Almanac, and the zenith distance have 
the same marks, their sum will be the latitude ; if they have 
different marks, their difference will be the latitude. 



Examples. Meridian Altitude of a Star above the Pole. 



1. April 11, 1858, the meridian 
altitude of Arcturus was observed 
to be 46° 15' (zenith N.), the index 
correction was + 2' 10', and the 
height of the eye 20 feet : required 
the latitude ? 



Observed altitude . 


46° 


15' 


0* 




Index. +2' 10" 1 




o / 


* i i n 




Dip . - 4' 24" ] 




— 4 


1 1 




Apparent altitude . 


46° 


12' 


46” 




Refraction . . . 




— 


50" 




True altitude . . 


46° 


11' 


50" 






90° 








Zenith dist. . . 


43° 


48' 


10* 


N. 


Star’s declin. Ap. 1 1 


19° 


55' 


5" 


N. 


Latitude . . 


63° 


43' 


7F 


n7 



2. May 1, 1858, the observed 
meridian altitude of Spica was 
28° 45' (zenith N.), the index error 
was — 2' 20*, and the height of the 
eye 18 feet ; required the latitude t 



Observed altitude . 


28° 


45' 


0" 




Index . — 2' 20" l 




fit 






Dip . — 4' 11" J 




— o 


til 




Apparent altitude . 


28° 


88' 


29" 




Refraction . . . 


- 


-1' 


46" 




True altitude . . 


28° 


36' 


43" 






90° 








Zenith distance . . 


61° 


23' 


7 r 


N. 


Star’s declin., May 1 


10° 


25' 


26" 


S. 


Latitude . . 


50° 


57'~ 


51" 


n7 



Note. — The time at Greenwich when a star or planet 
passes the meridian of that place is very nearly the same as 
the time at the ship when it passes the ship’s meridian; so 
that, having the approximate time at the ship, we can ascer- 
tain by a reference to the Nautical Almanac, what stars or 
planets will be on the meridian of the ship about that time. 
The time of the meridian transit of each of the planets is 
actually given for every day of the year, and the time of a 
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star’s transit is found by subtracting the E. A. (right ascen- 
sion) of the sun from the E. A. of the star, both of which 
are given in time in the Nautical Almanac: should the 
E. A. of the sun exceed that of the star, 24 h must be added to 
the latter. But several stars may be near the meridian of 
the ship at the same time: to prevent mistake as to the 
star actually selected from the almanac for- observation, 
we may previously find, approximately, what altitude the 
star thus selected ought to have : in order to this, add the 
star’s declination to the latitude by account if they are 
of different names, and subtract if they are of the same 
name : the result is the zenith distance or co-altitude of 
the star. By these aids — the time and the altitude — the 
star may be discovered some minutes before the time of 
transit, its altitude taken, and the index gradually moved 
as the star ascends, till it appears stationary, and is about 
to descend, at which instant it is on the meridian. 

Eeferring to the first of the preceding examples for an 
illustration, we find from the Nautical Almanac, that on 
April 11, the E. A. of Arcturus was 14 h 9 m 14 9 , and that of 
the sun, l’ 1 18 m 42 8 . The difference of these is 12 h 50 m 32 s , 
which is the time of meridian transit of the star. It may 
be looked for by aid of the approximate altitude, at about 
18 or 20 minutes to 1 o’clock in the morning, making ample 
allowance for error in the ship’s time, and kept in contact 
with the horizon till it ceases to rise. In the second ex- 
ample it will be found that the observation was made at 
10* 43™ 19 s . 

But in the case of a star (not a planet), instead of making 
a particular selection from the stars in the Nautical Alma- 
nac and then finding its time of transit, it is better to fix 
upon the time, or rather upon the most convenient interval, 
and then seek in the almanac for the stars which pass the 
meridian in that interval, making our selection from among 
them. Thus, suppose it were required to find what stars 
will pass the meridian of the ship on April 11, between 8 

t 
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and 10 o’clock in the evening. Adding 8 h to the It. A. 
of the sun, we get the R. A. of the ship’s meridian at 8 h 
p.m., and adding 2 h more, we get the R. A. of the meri- 
dian at 10 h p.m. The stars whose R. A. lie between these 
limits are those required. If the sum exceed 24 h , the 
excess is the R. A. of the meridian. On the day pro- 
posed, the sun’s R. A. is l h 18 m 42 s : hence, the R. A. of 
each of the required stars lies between 9 h 18 m 42 s , and 
ll h 18 m 42 s . Within these limits the Nautical Almanac 
gives a Hydra, 0 Ursas Majoris, e Leonis, v Leonis, Regu- 
lus, Ac. 

The learner need scarcely be reminded that the sun’s 
R. A. at Greenwich noon is not precisely the same as his 
R. A. at any other Greenwich date ; but as the sun’s mean 
motion in R. A. is only about 4 m a day, it would be need- 
less to allow for change of R. A. in the present inquiry. 

When the horizon is too obscure for the observation of an 
altitude, an artificial horizon is sometimes employed. This 
consists of a shallow trough of quicksilver, protected from 
wind and weather by a glass covering or roof. The observer 
placing himself at a convenient distance from this, so that 
the object and the reflected image of it may both be dis- 
tinctly seen, the angular distance between the two is taken ; 
and since the angular distance of the image below the hori- 
zontal plane is the same as that of the object itself above that 
plane, the instrument, corrected for index error, will give 
double the altitude, and there will be no correction for dip : , 
hence, dividing by 2, the apparent altitude of the object 
will be obtained. 

We shall now give a few examples for exercise in finding 
the latitude from a meridian altitude of the sun or a star. 

Examples for Exercise. 

1. April 27, 1858, in north latitude, and in longitude 
S7 C 42' W., the observed meridian altitude of the sun’s 
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lower limb was 48 c 42' 30" (zenith N.), the index error was 
+ 1' 42", and the height of the eye 18 feet : required the 
latitude ? Ans. latitude, 55° 30' SO" N. 

2. August 14, 1858, in north latitude, and in longitude 
51° W., the observed meridian altitude of the sun’s upper 
limb was 47° 26' (zenith N.), the index correction was 

— 1' 47", and the height of the eye 20 feet : required the 

latitude ? Ans. latitude, 57° 15' 59" N. 

3. Nov. 8, 1858, in south latitude, and in longitude 
62° E., the meridian altitude of the sun’s lower limb was 
57° 12' 30" (zenith S.), the index correction was + 1' 36", 
aud the height of the eye 30 feet : required the latitude ? 

Ans. latitude, 49° 7' 56" S. 

4. Nov. 21, 1858, in north latitude, and in longitude 
165° E., the meridian altitude of the sun’s lower limb was 
observed to be 47° 38' (zenith N.), the index error was 

— 1' 15", and the height of the eye 17 feet : required the 

latitude ? ' Ans. latitude, 22° 21' 43" N. 

5. March 2, 1858, the meridian altitude of Arcturus was 
observed to be 47° 24' 30" (zenith N.), the index error was 

— 2' 10", aud the height of the eye 17 feet : required the 

latitude ? Ans. latitude, 62° 37' 41" N. 

6. March 12, 1858, the meridian altitude of a Hydrae 

was observed to be 39° 24' 30" (zenith N.), the index error 
was — 2' 10", and the height of the eye 17 feet : required 
the latitude ? Ans. latitude, 42° 40' 4" N. 

k 7. July 10, 1858, the meridian altitude Of Fomalbaut 
was observed to be 63° 38' 30" (zenith N.), the index cor- 
rection was —2' 30", and the height of the eye 24 feet: 
required the latitude ? Ans. latitude, 3° 52' 47" S. 

8. April 17, 1858, in longitude 15° W., the observed 
meridian altitude of the lower limb of the planet Mars was 
57° 40' 30" (zenith N.), the index correction was + 2', aud 
the height of the eye 17 feet : required the latitude ? 

Ans. latitude, 12° 24' 57" N. 

9. June 13, 1858, in longitude 72° 30' E., the observed 
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meridian altitude of the lower limb of Venus was 30° 4<y 10" 
(zenith 8.), the index correction was + 4' 20", and the 
height of the eye 24 feet : required the latitude ? 

Ans. latitude, 35° 38' 0" 8. 



Latitude from Meridian Altitude of the Moon above the 

Pole. 

As the declination of the moon varies much more rapidly 
than that of any other heavenly body, it is given in the 
Nautical Almanac for every hour in the day, together with 
the average amount by which it varies in 10 m of the suc- 
ceeding hour, that is, one sixth of the whole variation during 
that hour. 

To find what the moon’s declination is, when her altitude 
is taken, we must first determine the Greenwich date, iu 
mean time, of the observation : if the mean time at the ship, 
as well as the longitude, be known, this of course is easily 
done ; but if the ship’s mean time cannot be depended upon, 
we must then refer to the Nautical Almanac for the Green- 
wich time of the moon’s transit over the Greenwich meridian, 
and thence by means of the daily variation in the time of 
transit, and the longitude, find the ship’s time of her transit 
over the ship’s meridian ; we shall thus get the time at the 
ship when the observation was made, and thence, by means 
of the longitude, the Greenwich date of that observation.* 

The Greenwich date in hours and minutes being thus 

* It may be as well to remark here that the Greenwich date of any 
observation at sea is at once shown by the chronometer, provided con- 
fidence can bo placed in its regularity. Such is the perfection to which 
chronometers arc now brought, that they may in general be depended upon 
for the determination of the mean time at Greenwich throughout a long 
interval. But an instrument of such delicate construction is very easily 
injured, and even variations of temperature will disturb in some degree its 
uniformity of action. It is therefore considered as necessary to the safety 
of navigation to be provided with methods of finding a ship’s position on the 
ocean, independently of the chronometer. 
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found, we refer to the Nautical Almanac for the moon’s 
declination at the hour , and correct it for the odd minutes 
by means of the “ Diff. of Declin. for 10 m ” before alluded 
to : the declination corresponding to the altitude will thus 
be obtained. 

We shall evidently get the ship’s time of transit over the 
ship’s meridian by applying to the Greenwich time of transit 
over the Greenwich meridian the correction furnished by 
multiplying the daily difference of time in the Greenwich 
transit by the longitude, and dividing the product by 360 : 
the following Table, however, enables us to dispense with 
this operation. 

Table for finding the mean time of the Moon’s transit over a given 
meridian from the time of the transit at Greenwich , and the 
daily variation. 



Daily Variation of the Time of Greenwich Transit. 



f 

i 5b 
i a 

!-_ 




42m 


44m 


46m 




50m 


52m 


54m 




58m 


H 


62m 


64m 


66m 


1°0 


1 


1 


1 


1 


1 


1 


1 


1 


1 


0 


2 


2 


2 


2 




2 


2 


2 


2 


3 


3 


3 


3 


3 


o 

o 


3 


3 


3 


4 




3 


3 


4 


4 


4 


4 


4 


4 


4 


5 


5 


5 


5 


5 


| 40 


4 


4 


5 


5 


5 


5 


6 


6 


6 


6 


6 


7 


7 


m 




5 


6 


6 


6 


6 


7 


7 


h- 

4 


7 


8 


8 


8 


9 


H 


60 


6 


7 


7 


7 


8 


8 


8 


9 


9 


9 


ED 


10 


10 


m 


70 


7 


8 


8 


9 


9 


9 


10 


10 


10 


11 


n 


12 


12 


12 


»:TiI 


9 


9 


9 








11 


12 


12 


12 


13 


13 


14 


14 


1111 


|n| 


10 


11 








13 


13 


13 


14 


14 


15 


15 


16 


100 


ii 


11 


12 








14 


14 


15 


15 


16 


17 


17 


18 


110 


12 


12 


13 








15 


16 


16 


17 


18 


18 


19 


19 


120 


13 


14 


14 








17 


17 


18 


19 


19 


20 


20 


21 


130 


14 


15 


15 








18 


19 


19 


20 


21 


21 


22 


23 


dJ 


15 


16 


17 


17 


18 


19 


20 


20 


21 


22 


22 


23 


24 


25 


1150 


16 


17 


18 


19 




20 


21 


22 


22 


23 


24 


25 


26 


26 


j 160 


17 


18 


19 


20 




21 


22 


23 


24 


25. 


26 


26 


27 


28 


lfrZ*1 


18 


19 


20 


21 




23 


24 


25 


25 


26 


27 


28 


29 


30 


180 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


Hi 


31 


32} 



Although the above Table may be regarded as sufficiently 
accurate for the purpose intended, yet the learner is not to 
expect that the correction for longitude, which it gives by 
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inspection, has the same precision as if it were deduced from 
direct computation ; that is, by multiplying the daily varia- 
tion by the longitude, and dividing by 360. Certain tables 
are absolutely indispensable in Nautical Astronomy, but we 
think it may be reasonably questioned whether the mariner 
is not sometimes encumbered with a greater abundance 
of this kind of aid than he really requires. As tables give, 
in general, only approximations to the truth, the more 
sparingly they are used, the greater will usually be the 
accuracy of the work. The computation adverted to above, 
is too trifling and easy to render a table to supply its place 
of much value ; and we insert it, as it occupies but little 
room, more in compliance with custom than from necessity. 
From the foregoing remarks, the learner will be prepared 
for the following rule for finding the latitude of the ship 
from a meridian altitude of the moon when above the pole. 

Eule 1 . From the Nautical Almanac, take out the 
time of the moon’s “ Meridian Passage” at Greenwich on 
the given day, as also the daily variation. 

2. From the longitude by account, and the foregoing 
table, or by independent calculation, reduce the time of the 
meridian passage at Greenwich to the time at the ship when 
the altitude was taken. 

3. From the time thus deduced, and the longitude, find 
the time at Greenwich when the altitude was taken. 

[Note. — These three precepts may be disregarded if the 
chronometer at the instant of observation be consulted.] 

4. The time at Greenwich being ascertained, take the 
moon’s declination for the hour from the Nautical Almanac, 
computing the correction for the odd minutes by aid of the 
difference in declination for 10 ra . 

5. From page III of the month take out the moon’s semi- 
diameter, increasing it by the “ Augmentation” given in the 
tables. The correction for index-error, dip, and semi-dia- 
meter will reduce the observed altitude of the limb to the 
apparent altitude of the moon’s centre. 

o 
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G. To the apparent altitude of the centre, add the correc- 
tion, parallax in alt. minus refraction (See Table XVII.), 
and the true altitude of the centre will he obtained. This 
subtracted from 90° will give the zenith distance, which is 
to be marked N. or S. according as the zenith is N. or S. 
of the moon. Then as in the case of the sun, take the sum 
or the difference of the zenith distance and the declination 
according as they have the same or different marks, and the 
result will be the latitude. 

Note. — The moon’s semi-diameter and horizontal paral- 
lax are given in the Nautical Almanac for every noon and 
midnight : the corrections for any intermediate Greenwich 
date may be easily estimated by taking the differences, and 
then the proportional part of each difference for the number 
of hours after noon or midnight. 

Examples : Meridian Altitude of the Moon above the Pole. 

1. May 17, 1858, in longitude 49° W., the meridian alti- 
tude of the moon’s lower limb was observed to be 47° 18' 
30" (zenith S.), the index correction was + 1' 40", and the 
height of the eye 20 feet : required the latitude. 

1. For the mean time at Greemcich when the altitude was taken. 
Moon’s transit at G., May 17 . 4 h 20 m, 5 Daily diff. , . 56 m, 4 
Cor. for long. 49° W. . . . +7 ’7 Long, (reversed) 94 

Timeat ship when alt. was taken 4 h 28“ 2256 

Long. 49° W. in time . . +8 16 508 

Greenwich date of observation . 7 h 44 m 36,0)276 l 4(7 m, 7cor. 

252 

244 

2. For the Moon's Declination at 7 h 44 m at Greenwich. 
Declination May 17, at 7 h 23° 5G'40"‘7N. Diff.ml0“,-97"-33 
Decrease in 7 h 44 m . —T 8 ,l- 25 4 - 4 

Declixation at 7 h 41“’. 23° 49' 32” N. 38932 

3893 

428" '25 = 7' 8 ' -25 
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3. For the Moon's Ilor. Semi-diameter and Hor. Parallax at 7 h 44™. 
Semi-cUa. at noon. 16'19"'7 Ditf. inl‘J h -6 J '2 Hor. par. . . 59' 47" Diff.-22'-5 



in 6 h 3’1 11-25 

Semi-dia. at T* 44“ 16' 16" in li" -8 Hon.P.at7H4“ 59' 32" 2-81 

in P> -1 -47 



Correction for 7 h 4 1 m . . — 4" * Cor. for 7 h 44“ — 15" * 



4. For the Latitude of the Skip. 

Observed alt. of Moon’s L. L. . . . 47° 18' 30" 

Index and dip . . . — 2' 44" 3 



Semi-diazn. 16' 16" 1 , > +13' 44" 

Augmentation 12" J ' J 



App. altitude of moon’s centre . 


. 47° 32' 14" 


Correction of moon’s altitude 


. . +33' 56" 


True altitude of centre 


. 48° 11' 10” 
90° 


Zenith distance .... 


. . 41° 48' 50" 


Moon’s declination . 


. 23° 49' 32" 


Latitude . 


. . 17° 59' 18" 



2. Oct. 4, 1858, in longitude 60° 42' W., the observed 
meridian altitude of the moon’s lower limb was 30° 30' 40” 
(zenith N.), the index correction was + 5' 42", and the 
height of the eye 16 feet : required the latitude ? 



1. For the mean time at Greenwich when the altitude was taken. 
Moon’s transit at (J. Oct 3 . 21 h 45 m Diff. . . 46™ -4 
Cor. for longitude 60° 42' W. +7'8 Longitude. 60£ 



Time at ship 


.21 52-8 


2784 


Long. 60° 42' W. in time 


. + 4 2-8 


23-2 


Greenwich date of observ. 


. 25 55-6 


36,0)280,7 '2(7™ '8 cor, 


that is, Oct. 4 


. l b 55™ -6 


252 



287 



* These small corrections for the horizontal semi-diameter and the 
horizontal parallax, need not be computed to the degree of nicety here 
observed. It will be quite sufficient if the Greenwich date be taken to the 
nearest half-hour, the “Diff.” multiplied by it, and the product divided 

by 12; thus : — 6 ,f *2 x 8-4-12 = 6"'2 x \ = 4"; and 22"'5 x — — 15". 

O O 

G 2 
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2. For the Moon's Declination Oct. 4, at l h 55 ra, 6 at Greenwich. 

Dcclin. Oct. 4, at 2 h . 7“ 48' 43" ‘3 N. Diff. in 10" -158" -5 

Decrease in 4 m ’4* . . +1' 9" - 7 - 44 

Dkcmn. at l h 55 ,n ‘G . 7° 49' 58” N. 6340 

634 

69"-74 = l' 9" -7 



3. For the Moon's Jlor. Semi-diameter and Hor. Parallax at l h 56 m . 

Semidiam. at noon 16' 56" '1 Diff. in 12 h — 3"o Hor. P. 5S' 20" 'ti Diff. 12"’7 
•6 in 2* 1 —-6 — 2"*1 — 2"-l 

Semidiam. at 2 h 15' 55" '5 H. P. at 2 h 58' 18" -5 

4. For the Latitude of the Shij i. 



Observed alt. of Moon’s L. L. 


. 30° 


30' 


40” 




Index and Dip . + 1' 46" 1 










Semidiam. 16' 56" 1 jg, V . 

Augmentation 8” ) J 


+ 


17' 


50" 












Apparent alt. of moon’s centre . 


. 30° 


48' 


30" 




Correction of moon’s app. altitude 


• + 


47' 


56" 




True altitude of centre 


. 31° 


36' 


26" 






o 

o 








Zenith distance ..... 


. 58° 


23' 


34" 


N. 


Moon’s declination . ... 


. 7° 


49' 


58" 


N. 


Latitude . 


. 66° 


13' 


32" 


N. 



Xote. — From the foregoing examples the learner trill 
perceive that the principal object of step 1 in the operation, 
that is, of finding the Greenwich date, is to enable us to 
get the declination tvith the necessary accuracy at the 
instant the altitude was taken. As the declination may 

* The Greenwich date, l h 55 m, 6, is 4 m '4 short of 2 h ; and as the 
declination decreases as the time increases, it is less at 2 h than at the 
Greenwicli date ; so that the correction of the declination at 2 b , for the 
preceding 4 m, 4, must be added. 
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increase or dimmish by so much as nearly S' in 10 m of time, 
it is evident that the Greenwich date of the observation 
should not err by more than a minute or two minutes of 
the truth. This date, as already remarked, may in general 
be got more readily, and with greater precision, from the 
chronometer than from the longitude by account. Indeed, 
the longitude by account , should not be employed in this 
problem, unless it be known to differ by less than 30' of the 
truth. 

In step 3 of the operation there is no occasion for much 
precision in the Greenwich date : indeed, the correction for 
it may always be roughly allowed for by a glance at the 12 1 ' 
differences furnished by the Nautical Almanac, without 
formally computing for it as above : it is often neglected 
altogether as being of but little moment. The following 
is the blank form of the necessary operations. 



Blank Form for the Moon. 



1. Transit at G. 

Cor. for long. 

Ship’s date of obs. 
Longitude in time 

G. date of obs. 

2. Declin, at above hour 
Cor. for minutes 



Daily cliff. . . nl 

Degrees of long. x . . 

36,0) ( . ."> Cor. 



° " Difi. in 10 m . ."(divided by lOt) 

.... Minutes in G.date x . . 



Declin. at G. date 



. . ."Cor. for minutes. 



3. Moon's Semidiam. from Naut. Aim. To be corrected for the G. date 
by inspection. 

Moon's Hor. Parallax from Naut. Aim. To be corrected for G. date by 
inspection. 

* This may be got from chronometer. 

+ That is, remove the decimal point one place to the left. 
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4. Observed altitude (L. L. or U. L.) • . . 

Index and dip 1 

Semidiam. + Augmen. . .' . J 

App. alt. of moon’s centre 

Correction of app. alt. (Table XVII.) + . . . • 

True altitude of moon’s centre 

90 

True zenith distance 

Moon’s declination at G. date 

Latitude 



Examples for Exercise. 

1. Aug. 30, 1858 *, iu longitude 129° 30' E., tlie observed 
meridian altitude of the moon’s lower limb, was 41° 10' 
(zenith N.), the index correction was — 3' 40", and the 
height of the eye 18 feet : required the latitude ? 

Ans. latitude, 67° 7' 6" N. 

2. Nov. 25, 1858, in longitude 22° SO 71 W., the observed 
meridian altitude of the moon’s upper limb was 72° 12' 30" 
(zenith N.), the index correction was — 2' 10", and the 
height of the eye 20 feet : required the latitude ? 

Ans. latitude, 40° 47' 29” N. 

3. Nov. 29, 1858, at 8 h 46 m , a.m. Greenwich mean time, 
as shown by the chronometer, the observed altitude of the 
moon’s lower limb when on the meridian of the ship was 
38° 15' (zenith N.), the index correction was — 2' 10", and 
the height of the eye 20 feet : required the latitude ? + 

Ans. latitude, 50° 9' 24” N. 

4. Nov. 16, 185S, in longitude 82° 30' E., the meridian 

* The time of the moon’s meridian-passage at Greenwich on August 29, 
is 16 h 10 ra ‘7, which, according to civil reckoning, is Aug. 30, at 4 h 10“ *7 
a.m. The learner will not forget that on shipboard the civil reckoning of 
time is employed ; in the Nautical Almanac, the astronomical reckoning. 
See the work of ex. 2, p. 123. 

t In this example the Greenwich date of the observation is given, namely, 
Nov. 28, 20 h 46 ra . 
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altitude of the moon’s lower limb was observed to be 64° 
48' (zenith S.), the index correction was + 6' 40", and the 
height of the eye 22 feet : required the latitude ? 

Ans. latitude, 24° 42' 58" S. 

5. Dec. 13, 1858, in longitude 58° 45' E., the observed 
meridian altitude of the moon’s upper limb was 43° 25' 
(zenith S.), the index correction was + 5' 24", and the 
height of the eye 24 feet : required the latitude ? 

Ans. latitude, 48° 24' 5" S. 

6. Dec. 17, 1858, in longitude 18° 42' W., the meridian 
altitude of the moon’s lower limb was observed to be 52° 
35' (zenith N.), the index correction was — 3' 40", and the 
height of the eye 25 feet : required the latitude ? 

Ans. latitude, 59° 5' 1" N. 

Latitude from a Mendian Altitude below the Pole. 

The sun is on the meridian of any place below the pole 
at apparent midnight, that is, 12 h after apparent noon at 
that place ; so that 12 h increased or diminished by the longi- 
tude in time, according as the place is W. or E. of Green- 
wich, will be the apparent time at Greenwich ; that is, the 
Greenwich date of the observation : the declination at this 
time is found as in the examples already given, from the 
noon-declination in the Nautical Almanac. 

For a fixed star the change of declination in 12 h is insen- 
sible, so that the declination will be the same as that given 
in the Nautical Almanac. 

For a planet the declination varies sensibly in 12 h , so 
that, as in the case of the sun, the variation must be allowed 
for. 

In the case of the moon the ship-time of transit over the 
mid-day portion of the meridian is to be found as in the 
foregoing examples : this time increased by 12 h and by half 
the daily difference of time will be the ship-time of her 
passage over the opposite portion of the meridian ; that is, 
of her meridian passage below the pole. The proper cor- 
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rection of this time for longitude being then made, the 
Greenwich date of the observation, and thence, by aid of 
the Nautical Almanac, the declination at that date, is to 
be found as before. The rule, therefore, is as follows : 

liuLE 1. Find the declination of the object at the instant 
of observation, and thence its polar distance. 

2. Apply to the observed altitude the proper corrections 
for obtaining the true altitude. 

3. To the true altitude add the polar distance : the sum 
will J)e the latitude, of the same name as the declination. 

Note. — When above the pole, the object rises till it arrives 
at the meridian, when, having attained its greatest altitude, 
it begins to descend : when below the pole, on the contrary, 
the object descends lower and lower till it arrives at the 
meridian, when having sunk to its lowest altitude it begins 
to ascend. It is only by seizing the instant at which the 
object appears stationary that its arrival at the meridian can 
be detected at sea ; but it may be as well to notice that, 
rigorously speaking, this may not be the instant of the 
meridian transit after all ; for it must be remembered that, 
besides the motion in altitude, there is also a motion in 
declination, so that it may happen, especially in the case of 
the moon, that this latter motion may cause the altitude to 
be the greatest or least a little before or a little after the 
meridian passage. With regard to the sun and planets, 
this circumstance is of no moment ; but under particular 
circumstances the meridian altitude of the moon, as fur- 
nished by observation, on account of the rapid change in 
declination of that body, may differ from the altitude when 
actually on the meridian by 1' or 2'. The moon, therefore, 
is the least eligible object from which to deduce the lati- 
tude. 

Examples : Meridian altitude below the Pole. 

1. July 2, 1858, in longitude 23° 10' W., the observed 
meridian altitude of the sun’s lower limb when below the 



Digitized by Google 




MEB. ALT. BELOW THE POLE. 129 

pole or at apparent midnight was 7° 40', the index correc- 
tion was + 3' 20", and the height of the eye 19 feet : 
required the latitude ? 

1. For the Declination at the instant of observation. 



O. Noon declin. J uly 2 . . 23° 


3' 52" - 2 N. 


Diff. in l h . - 


-11" *5 


„ „ July 3 . .22° 


59' 16" -3 N. 




2 


2) 46“ 


3' 8" -5 


3,0)“ 


2,3 


G. Midnight declin. July 2 23° 


1' 34" N. 




•766 


Cor. for longitude W. 


— 18" 


Long, (reversed) 


32 


Declin. at instant of obs. 23° 


1' 16" N. 




1533 


90° 






230 


Polar distance . . . 66° 


•T* 

oo 


Cor. of dec. for long. 17" *63 



2. For the Latitude of the Ship. 



Observed alt. sun’s L. L 7° 40' 0” 

Index and dip. — 0' 57" 1 + 

Semi-diameter + 15' 46" J 

App. alt. of centre 7° 54' 49" 

Refraction — Parallax — 6' 30" 



True alt. of centre 7° 48' 19" 

Polar distance 66° 58' 44’ 

Latitude 74° 47' 3" N. 



2. April 10, 1S58, the observed altitude of the pole-star 
when on the meridian below the pole was 41° 36', the index 
correction was — 4' 10", and the height of the eye 17 feet : 
required the latitude? 



Obs. alt. of pole star . 


. 41° 


36' 


0” 






Index cor. —4' 10" 1 




16' 


14" 






Dip. . .-4' 4"/' 








App. altitude . . . 


. 41° 


52' 


14” 






Refraction . . . 


. 


-V 


5" 


Declin. Ap. 10 


S8° 33' 16" N 


True altitude . . . 


. 41° 


51' 


9" 




90° 


Polar distance . . . 


. 1° 


26' 


44" 


Polar distance . 


1° 26' 44" 


Latitude . . 


. 43° 


18' 


CO 





c 3 
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3. May 15, 1858, iu longitude 37° 42' E., the observed 
altitude of the moon’s lower limb when below the pole was 
9° 25' ; the index correction was + 2' 8", and the height of 
the eye 22 feet : required the latitude ? 

1. Moon’s upper transit G. May 15 2 h 12 ra- 4 Daily diff. + 66“ ’1 

Half daily difference . ... 33 Degrees of long. 40 

Moon’s lower transit . . . 14 45 36 v 0 ) 264 v 0 (7“cor. 

Corrections for long. E. . . — 7 

Ship’s date of observation . . 14 h 38 ra 

Longitude in time . . . — 2 31 

Greenwich date of observation 12 h 7 m (May be got from Chronom.) 

2. Moon’s declin. at 12 k . 23° 14' 6"-N. Diff. in 10“ . . + 18”-85 

Correction for 7“ . . . +13" *7 

Declin. at G. date • . 28° 14' 19" N. Cor. for 7 m . . +13-195 

90° 

Polar distance . . . 61° 45' 41" 

3. Moon’s Ilor. Semidiam. May 15 at 12 H 16' 35". Hor. Par. 60' 42". 



4. Observed alt. moon’s L. L. 9° 25' 0" 

Index and Dip. — 2' 29" ) () „ 

Semidiam. + Aug. + 16' 38" i ’ ' 

App. alt. of moon’s centre 9° 39' 9 ” 

Correction of app. alt + 54' 21" 

True alt. of moon’s centre 10“ 33' 30" 

Polar distance 61° 45' 41" 

Latitude .... 72° 19' 11” N. 



Note. — In order that a celestial object may be above 
the horizon when it is below the pole, it appears that the 
latitude of the place must exceed the polar distance, the 
excess being the true altitude of the object. On account of 
the varying state of the atmosphere near the horizon, the 
refraction for altitudes below six or seven degrees, cannot 
be estimated with accuracy. And as the polar distance 
of the suu is never much less than 67°, and that of the 
moon never much less than 62°, it follows that for a meri- 
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dian altitude of 6° or 7° the latitude, in the case of the 
sun below the pole, must not be less that 73° or 74°, and in 
the case of the moon, not less than 68° or 69°. Hence, such 
meridian observations on either of these two bodies are 
restricted to high latitudes, and are therefore not generally 
available at sea: but- in the case of the fixed stars, oppor- 
tunities occur in all latitudes of getting a meridian altitude 
below the pole sufficiently great to allow of the tables 
of refraction being used with safety. As the pole-star is 
always above the horizon in latitudes north of the equator, 
and on cloudless nights is always sufficiently visible, and 
easily recognised, it is the star more frequently selected for 
finding the latitude at sea, when north, than any other. 
Some short useful tables are given in the Nautical Alma- 
nac, (pp. 527-9) for finding the latitude from an altitude 
of the pole-star, whether it be on the meridian of the place 
of observation or not : the following is the rule there given, 
(p. 568) with an example of its application. 

To find the latitude frtrn an altitude of the Pole Star . — 
jRule 1 . From the observed altitude, when corrected for 
the error of the instrument, refraction, and dip, subtract 
2' : the result is the reduced altitude. 

2. Reduce the mean time of observation at the place to 
the corresponding sidereal time, by the table at page 530, 
Nautical Almanac. 

3. With the sidereal time found, take out the first correc- 
tion (Naut. Aim., p. 527), with its proper sign. If the sign 
be +, the correction must be added to the reduced alti- 
tude ; but if it be — , it must be subtracted ; in either case 
the result will give an approximate latitude. 

4. With the altitude and sidereal time of observation, 
take out the second correction, (p. 528) : and with the day 
of the month, and the same sidereal time, take out the 
third correction (p. 529). These two corrections added to 
the approximate latitude, will give the latitude of the place. 

Example: March 6, 1858, in longitude 37° W., at 7 h 
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43 m 35 s , mean time, suppose the altitude of the pole-star, 
when corrected for the error of the instrument, refraction, 
and dip, to be 46° 17' 2S" : required the latitude ? 



Ship mean time . . . . 7 h 43 m 35* 

Long. 37° W. in time . . 2 28 0 

Greenwich mean time . . 10 h ll m 35* • 

Sidereal time at Greenwich mean noon .... 22 u 55™ 42* 

Mean time at ship 7 43 35 

Acceleration (page 530, Naut. Aim.) for 10 h 12 m . 1 41 

Sidereal time of observation 6 h 40'” 58* 

lleduced altitude 46° 15' 28" 

With Argument O 40 m 58", First Correction — 10' 7" 

Approximate latitude 40° 5' 21° 

40° 17' 1 

Arguments, r Second Coirect ion +1' 6" 

Arguments, March 6, 6 h 41 ra Third Correction +2' 31° 

Latitude .... 4 < j ° 8' 58" N. 



To find the Latitude when the Declination, Altitude, and 
Hour-angle are given. 

The hour-angle of a celestial object at any place and at 

any instant is the angle 
at the pole included be- 
tween the meridian of 
the place, and the meri- 
dian through the object 
at that instant. In the 
afinexed diagram, let Z be the zenith of the place, P the 
elevated pole, and S the object observed, then Z S — co- 
altitude, P S = polar distance, P rr the hour-angle, and P Z 
= the co-latitude of the place. 

To find this last quantity the three former are supposed 
to be given, so that the solution may be effected by case 2 
of oblique-angled spherical triangles (see Spherical Trigo- 
nometry, p. 19.) But the following method by right-angled 
triangles is the more easy. 
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Draw S M, perpendicular to the meridian of Z , dividing 
the oblique-angled triangle P Z S, into the two right-angled 
triangles P M S, Z M S : then by Napier’s Buies (Sph. 
Trig. p. 11.) we have: — 

Prom the triangle P M S, by taking P for middle part, * 
and P S, P M, for adjacent parts, 

cos P = cot P S tan P M tan P M= cos P tan PS . . . . (1) 

And by taking the hypotenuse P S for middle part, and 
P M, S M for opposite parts, 

cosPS = cos PM cos SM .... (2) 

Again, from the triangle Z M S, by taking the hypotenuse 
Z S for middle part, we have 

cos Z S = cos Z M cos S M . . . . (3) 

Consequently, dividing (2) by (3), we have, 

cos PS cos P M „„ ___ „ _ __ 

= — rm .'. cos Z M = cos P M cos Z S sec P S . . (4) 

cos Z 8 cos Z M ' ' 

Hence, P M being determined from equation (1), and 
then Z M from equation (4), the sum of these or their 
difference, according as M falls between P and Z, or not, 
will give P Z the co-latitude of the place. Bringing equa- 
tions (1) and (4) together, the formula} for computation are 
therefore, 

tan P M = cos hour-angle x cotan declination "1 

cos -Z M = cos PM x sin alt. x cosec declination J * * * ' ' 

If the object observed off the meridian be the sun, the 
hour-angle is the apparent time from the ship’s noon, that 
is, from the sun’s passage over the meridian, converted into 
degrees. The chronometer gives the mean time at Green- 
wich of the observation, and we thence find, by help of the 
longitude by account, the ship’s mean time of observation, 
affected only by the error of longitude. This mean time, 
by applying the correction for the equation of time, given 
in the Nautical Almanac, becomes converted into apparent 
time, and thus the time from the ship’s apparent noon, or 
tlie hour-angle in time, becomes known. 

But if the object be other than the sun, we must add the 
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sun’s right ascension at the instant of observation, to the 
apparent time after the ship’s preceding noon, the sum, or 
its excess above 24 h , is the B. A. of the ship’s meridian : 
the difference between this and the right ascension of -the 
object is obviously the hour-angle in time. 

It is proper 4o observe that in determining the latitude 
by computing the formulae (A), there may be a doubt as 
to whether the point M would lie between the zenith and 
the pole or not, and consequently as to whether the sum or 
difference of PM,ZM is the co-latitude; but in general, the 
latitude by account must be near enough to the truth to 
remove all hesitation on this head. * 

If, however, the object be near the meridian, this source 
of ambiguity may be always avoided, and there is one addi- 
tional reason for preferring an observation near the meri- 
dian to one more distant from it : — the higher the object 
observed, the less likely is the refraction to be disturbed 
from its mean state. In preparing for a meridian altitude 
of the sun, it sometimes happens that although an observa- 
tion can be well taken a few minutes before or after noon, 
yet that the sun becomes obscured by clouds when actually 
on the meridian. It is very useful, therefore, to know how 
the latitude may be obtained from an altitude near the meri- 
dian: a rule for this purpose maybe investigated as follows: — 

* When Z M is so small that whether added to, or subtracted from P M, 
the result, in either case, differs so little from the estimated co-latitude, that 
there seems no sufficient reason for preferring one to the other, the circum- 
stance can occur only when the body is very near the prime vertical, that 
is, nearly due E. or due W. And when P M is so small as to make but 
little difference whether it be added to or subtracted from Z M, the circum- 
stance can occur only when the body is very near the six o’clock hour 
circle. Except in one or other of these positions the observation may be 
made ; and the latitude deduced with accuracy. It is necessary to notice, 
however, when the latitude and declination are of contrary names, that the 
co-declination is then measured from the depressed pole P' ; so that P' M + 
ZM — 90° is the distance of Z above the equinoctial, that is the latitude of 
the ship ; and in this case there can never be any ambiguity. 
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Keferring to the triangle ZPS, the fundamental theorem 
of spherical trigonometry gives, 



cos Z S = cos P Z cos P S — sin P Z sin P S cos P 



/.cc® P = 



cos Z S — cos P Z cos T S 
sin P Z sin P S 



Let z represent the zenith distance that S would have 
when actually upon’ the meridian, and let zf be the difference 
between this meridian zenith distance, and the zenith dis- 
tance Z S, off the meridian found by observation : then since 
ZS = z + z', the above equation is, 

_ cos (z + z') — cos P Z cos P S 

cos P = - 

sin PZ sin PS 



Hence, subtracting each side from 1, and remembering 
(Plane Trig. p. 27), that 1 — cos P = 2 sin ! i P, we have. 



2 sin 2 4 P — 



sin P Z sin P S + cos P Z cos P S — cos (z + z ') 
sin PZ sin P S 
cos (PZ~P S) — cos (z + z') 
sin PZ sinPS 



(Plane Trig. p. 26). 



Now the difference P Z ~ P S, between the co-latitude 
and the polar distance, must be equal to the meridian zenith 
distance z, because that is also the difference between the 
co-latitude and the polar distance : therefore, 

■ ( jt)_ coss — cos(z+z') __ cosz — cos z cos z'+ sin z sin s' 

Sm * sinPZsinPS * sin PZ sinPS 



As the object S is near the meridian, and as objects near 
the meridian usually make comparatively but slow advance 
in altitude, the difference z', between the meridian zenith 
distance, and that actually observed, may in general be 
considered as sufficiently small to justify our regarding 
cos z' as equal to 1, and thus writing the above equation, 



„ . , _ sin 2 sin ! 

2 Sm P ~7hiPZ'sinPS 
sin z = 2 sin PZ sin P S cosec z sin - 4 P 



Now the arc z' being very small, the number of seconds 
in it is very nearly equal to the number of times sin 1" is 
contained in sin ^ : consequently we have very nearly, 
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No. of seconds in s' = — , „ sin PZ sin PS cosec z sin 2 i P 

sm 1 

2 

= — cos lat. cos declin. cosec z sin 2 A hour-angle. 

sin 1" 

In this way the correction z', or the number of seconds 
to be applied to the observed zenith distance off the meri- 
dian, to reduce it to the zenith distance on the meridian, 
may be obtained. But this zenith distance z must be 
known approximately before the formula can be used ; it is 
supplied by the latitude by account ; if this do not differ 
from the true latitude by more than about 15', the true 
latitude itself will be deduced with tolerable accuracy. 
The method, however implied in the formulae (A), i3 the 
more correct, though the work by those formulae requires 
more references to tables. But if the corrected latitude, 
furnished by the method just discussed be used in place of 
the latitude by account, and the operation performed anew, 
the second result will have all the accuracy desirable ; and 
from glancing at the formula, it will be seen that, as all 
the elements of the computation except cosec z, and cos lat. 
are the same in the two operations, the additional work will 
be very trifling, as the following example further shows : 

We shall now give the result just obtained in the form of 
a practical rule. 



Latitude from an Altitude near the Meridian. 

Since the logarithm of is 5 - 615455, the formula 

Bin 1 



above expressed in words furnishes the following rule. 

Rule 1 . To the declination of the object, add the lati- 
tude by account when one is N and the other S ; but when 
such is not the case, take the difference of the two : the 
result is the meridian zenith distance by account. 

2. If the object be the sun, the apparent time from noon 
in degrees, &c., is the hour-angle. For any other object 
add the sun’s R. A. at the instant to the apparent time since 
the preceding noon, the sum, or its excess above 2I h , is the 
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E. A. of the ship’s meridian. The difference between this 
and the E. A. of the object is the hour-angle. 

3. Add together the five following logarithms : — 

1. The constant logarithm, 5 615455. 

2. log cosine of the latitude by account. 

3. log cosine of the declination. 

4. log cosec of the mer. zenith dist., deduced from 

the latitude and declination. 

5. 2 log sin of half the hour-angle. 

The sum of these logs, rejecting the tens from the index, 
is the log of a number of seconds called the “ Seduction, ” 
which subtracted from the true zenith distance off the 
meridian, gives the true zenith distance on the meridian. 
When this and the declination are of the same name, their 
sum, when of different names, their difference is the latitude, 
of the same name as the greater. 

Note. — As fractions of a second are disregarded in the 
reduction, the logs used in finding it need be taken from 
the tables only to the nearest minute. 

Examples .- Sun near the Meridian. 

1. In latitude 56° 40' N. by account, when the sun’s 
declination was 14° 12' N., at 0 h 16™ p.m., apparent time, 
the sun’s true zenith distance was 42° 40' N. : required the 
latitude ? 



Constant log 


. • 


• 


• 


5-615455 


Latitude by acct. 


. 56° 40' N. 


COS 


9-739975 


Declination . . . 


. 14° 12' N. 


cos 


9-986523 


Mer. zen. dist. acct. 


. 42° 28' 


cosec 


10-170593 


Half hour-angle 


. 2° 0' 


2 sin 


17-085638 




60 ) 396’ 


log 


2-598184 


Reduction . . . 


. _ 6' 36" 






5-615455 


Zenith dist. from obs. 


. 42° 40' 0" 


N. 


| 


9-738820 


Cor. mer. zenith dist. 
Decimation . . . 


. 42° 33' 24" 
. 14° 12' 0" 


N. 

N. 


i 


9-986523 

10-169903 

17-085638 


Corrected latitude . 


. 56° 45' 24" 


N. 






2-596339 = log. 395" 
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The work on the right is a repetition of the operation 
above, substituting the computed latitude for the latitude 
by account ; and as the former exceeds the latter by 5', the 
mer. zenith dist. by account, in the first operation, becomes 
increased by 5' ; that is, it is 42° 33'. As the reduction 
395" differs from the former by 1”, the more correct lati- 
tude is 56° 45' 25" N. 

"We shall now exhibit the work of the same example by 
the formulae (A) at page 133. 

1. Tan P M = cob hour-ang. x cot dec. 

Hour-angle. . . 4° 0' cos 9 ‘998941 

Declin. .... 14° 12' cot 10-596813 

PM . . . . 75° 46' tan 10-595754 

2. Cos Z M = cos P M cosec dec. sin. alt. 



PM ... 


. 75° 46' 


COS 


9-390708 


Declin. . . 


. 14’ 12' 


cosec 10-610289 


Altitude . . 


. 47° 20' 


Bin 


9-866470 


ZM . . . 


. 42° 31' 25" 


cos 


9-867467 


PM . . . 


. 75° 46' 






Colat. = 


33° 14' 35” 
90° 






Latitude 


. 56° 45' 25” 







As the latitude here deduced is exactly the same as that 
above, we may infer that both results are strictly correct. 

The student is strongly recommended to familiarise him- 
self with both these methods of finding the latitude from an 
observation of the sun off the meridian, remembering that 
the first method is applicable only when the observation is 
made near the meridian ; the second method is generally 
applicable, except under the circumstances pointed out in 
the foot-note, p. 134. The reason that the first method is 
somewhat preferable to the second, when the object is near 
the meridian, is that the seconds in the angles may be dis- 
regarded in taking out the logarithms, or rather that each 
angle may be taken to the nearest minute only. But the 
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Becond method will always furnish a satisfactory test of the 
accuracy of the result deduced by the first : we shall now 
work out another example. 

2. In latitude 48° 12' N. by account, when the sun’s 
declination was 16° 10' S. at 0 h 20 m p.m., apparent time, 
the sun’s true zenith distance was 64° 40' N. : required the 
latitude ? 



Constant log 


• • 


. 5-615455 


Latitude by acct. 


. 48°12'N. 


cos 9-823821 


Declination . . . 


. 16° 10' S. 


cos 9-982477 


Mer. Z.D. acct. . 


. 64° 22' 


cosec 10-044995 


^ hour-angle . . . 


. 2° 30' 


2 sin 17-279360 




60 ) 557" 


log. 2-746108 


Seduction . . . 


. . —9' 17" 




Z.D. obs 


. 64° 40' 0” 


N. 


Mer. Z.D 


. 64° 30' 43” 


N. 


Declin 


. 16° 10' 0" 


S. 


Latitude . . . 


. 48° 20' 43" 


N. 


Constant log 


. # 


. 5-615455 


Corrected lat. . . 


. 48° 21' 


cos 9-822546 


Declination . . . 


. 16° 10' 


cos 9-982477 


M.Z.D 


. 64° 31' 


cosec 10-044452 


4 hour-angle . . . 


. 2° 30' 


2 sin 17-279360 


Seduction .... 


. 555" 


log. 2-744290 




557" 


Hence the corrected latitude 


Correction of lat. 


. +2" 


is 48° 20' 45" N. 


The work of this example by the formula) marked (A) is 
follows : — 


1. tan P M = cos hour-ang. x cot dec. 




Hour-angle . , 


. 5° 0' 0" 


cos 9-998344 


Declin. . . . 


. 16° 10' 0” 


cot 10-537758 


PM . . 


. 73° 46' 29 "i 


tan 10-536102 


ZM . . 


. 64° 34' 15"f 


This is found on next page. 




138° 20' 45” 
90° 


See foot-note, page 134.) 


Latitude . 


. 48° 20* 45" 


N. as determined by the former 



method. 
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2. Cos ZM= cos P M cosec dec. sin alt. 



PM 73° 46' 29"i cos 9-446249 

Declin 16° 10' 0" cosec 10-555280 



Altitude 25° 20' 0" sin 9-631326 

ZM . . 64° 34' 15"j[ cos 9-632855 

As in these two examples the corrections have been sup- 
posed to have been applied to the observed, to obtain the 
true zenith distance, and as also the hour-angle in time is 
considered to be known, we shall now work out a final 
example in which are given the latitude by account, the 
longitude, the observed altitude, and the Greenwich mean 
time, as shown by the chronometer. 

3. August 21, 1858, a.m., in lat. 51° 40' N. by account, 
and long. 2° 9' W., the chronometer known to be 36 s- 2 fast, 
showing ll h 48 m 32 s Greenwich mean time, the observed 
altitude of the sun’s lower limb was 50° 36' (zenith N.), the 
index correction was + 1' 20", and the height of the eye 20 
feet : required the true latitude ? 

1. For the Ilour-anglc. 



Gr. mean time by Chron. 


. ll h 48" 


0 32* 


Error of Chron 


- 


-36 


Q-. date, Aug. 20 


12 h + 11 47 


56 


Equa. of time (?. date . 


— 2 


59 


6. app. time, a.m. 


. 11 44 


57 


Long. 2° 9' W. in time 


— 8 


36 


App. time at ship, a.m. Aug. 21 . 


. II 11 36“ 21 s 


.-, Hour-angle = 23 m 39*, 


or 5° 55' 




2. For Declination and Equation of Time. 




Declin. noon Aug. 21 


. 12°’ 8' 56"- 


9 N. 


Diff. for l h , 49 " *71 for 12“ 


+ 9 • 


9 


Declin. at G. date 


. 12° 9' 7" 


N. 


Eq. of time, noon Aug. 21 . 


2“ 58-58 





Note. —The G. date being so near the noon of Aug. 21, 
the correction for Equa. of time is inappreciable. When the 
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time from noon is considerable, the correction by means of 
the “ Diff. for I 1 ” need be made only for the nearest hour. 



3. For the (rue Zenith Distance. 



Observed alt. Sun’s 


L. L. 


. 50° 36' 0" 


Index cor. and dip. 


— 3' 4” 1 




j- 19' A . 7 " 


Semidiameter . 


. + 15'51"J ' 






Apparent alt. of centre 


. 50° 48' 47” 


Refraction — Parallax . 


* 


42" 


True alt. of centre 


• • « 


. 50° 48' 5" 






90° 


True zenith distance off meridian . 


. 39° 11' 55" N. 


4. For 


the Latitude of the Ship. 




Constant log. . . 


. • • • • 


• • • 


5-615455 


Lat. by acct. . . 


51’ 40' N. 


COS 


9-792557 


Declination . . 


12° 9'N. 


C08 


9-990161 


M.Z.D. acct. 


. 39° 31' N. 


cosec 10-196336 


J Hour-angle . . 


2° 57'i 


2 sin 


17425458 




6,0)104,7" . . 


• log. 


3 019967 


Reduction . . . 


— 17' 27" 






Z. D. off mer. . . 


39° 11' 55" N. 






Mer. Z.D. . 


38° 54' 28" N. 






Declin. . . . 


12° 9' 7" N. 






Latitude . . 


51° 3' 35" N. 






Constant log. . . 




. . . 


5-615455 


Corrected lat. . . 


. 51° 4' 


COS 


9-798247 


Declination . . 


• 


cos 


9-990161 


Corrected Mer. Z.D. . 38° 54' 


cosec 


10-202066 


$ Hour-angle . . 


• 


2 sin 


17-425458 


Reduction . . . 


. 1055" . . 


• log. 


3-031387 




1047" 








— 8" Correction of lat. 


Corrected Latitude 


51° 


3' 27" N. 



"We shall test the degree of accuracy of this result by the 
formula (A). 
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Work of preceding Example by Formula (A), page 138. * 

1. tan P M = cos hour-ang. x cot dec. 

Hour-angle . . 5° 55' O' cos 9-997680 

Declination . 12° 9' 7" cot 10-666895 

PM ... 77° 47' 5"4 tan 10 664575 

2. Cos Z M = cos P M cosec dec. sin alt. 

PM ... 77° 47' 5" 4 cos 9-3254S1 

Declination . 12° 9' 7" cosec 10-676738 

Altitude . . 50° 48' 5" sin 9-889280 

Z M . . . 38° 50' 14' cos 9-891499 

PM . . . 77° 47' 5'* 

38° Oe'S!"! 

90 < * 

True Latitude 51° 3' 8"4 

We see from this result, that the former method, even 
with the latitude by account, so much as nearly 37 miles 
in error, gives the latitude true to within less than half a 
mile, without computing the corrected reduction. 

Note. — I f the sun did not change his declination, equal 
altitudes, taken one before and the other after noon, would 
correspond to equal hour-angles, so that half the time 
elapsed between taking these equal altitudes would be the 
hour-angle at either observation. But on account of the 

* The most troublesome part of a logarithmic operation is proportioning 
for the seconds ; the computer will, in general, find the following the most 
convenient mode of proceeding, namely : Disregard the seconds, and enter 
the table with the degrees and minutes only, but against the log taken out 
write the tabular difference. When all the logs with their differences have 
been thus extracted, then compute in each case for the seconds, remem- 
bering that for every co-quantity the proportional part will be subtractive. 
The balance of these corrections for the seconds may then be incorporated 
with the sum of the logs from the table. As regards arithmetical comple- 
ments, the corrections for co-quantities are to be added, in other cases they 
are to be subtracted. After the differences are all extracted from the 
table, it may he well to put the proper sign against each, to prevent mis- 
take as to the additive and subtractive corrections. 
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change in declination, this method of deducing the hour- 
angle cannot be employed with safety, except under certain 
circumstances. When the latitude and declination are such 
that the sun passes the meridian near the zenith, half the 
elapsed time between equal altitudes, a few minutes before 
and a few minutes after noon, will give the hour-angle with 
sufficient accuracy, because in these circumstances, the 
sun’s motion in altitude is so rapid, that the correction in 
altitude, due to the motion in declination, is passed over 
in a very short time; and the hour-angle, if the elapsed 
time between the two observations do not exceed about 30 m , 
may be safely inferred. In high latitudes, however, where 
the sun’s motion in altitude is very slow, if the change in 
declination be rapid, the hour-angles on contrary sides of 
the meridian may be very unequal for equal altitudes. 

Whatever minutes of latitude the ship may have moved 
from or towards the sun, in the interval of the observations, 
should be allowed for in taking the second altitude. 

We shall now give the blank form for the foregoing ope- 
rations. 



Blank Form. Sun near the Meridian. 

1. For the Hour-angle. 

G. mean time by chron. . , h . .* 

Error of chron. . . . . 

G. date, mean time 

Equa. of time G. date 

G. apparent time 

* Long, in time ( — for W. + for E.) 

App. time at Ship 

Hour-angle = or ." 

* It must be remembered that the longitude here is assumed to be 
correct ; whatever error there is in it, there will be the same error in the 
liour-angle when converted into degrees and minutes : the seconds, how- 
ever, in this angle may be disregarded. 
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2. For the Declin. and Eq. of Time at 0. date , 

Noon declin. (Naut. Aim.) 

Diff. for l h 

Time in minutes from G. noon x . . . 



CO) 

Declin. at G. date . .° . .' . ." 

Eqna. of time G. preceding noon . . m . .* 

Diff. in l h x No. of hours since that noon 

Eqna. of time at G. date 

3. For the True Zenith Distance off Meridian. 

Observed alt. (L. L. efr U. L.) 

Index cor. and dip 1 

Semidiameter . ... S 

Apparent alt. of centre 

Refraction — Parallax — . . 

True alt. of centre 

90 

True Zenith, distance off Meridian 



4. For the Latitude of the Ship. 



Constant log 
Lat. by acct. 
Declin. 

Mer. Z.D. 
4 Hour-angle 



Reduction 
Z.D. off merid. 



5-615455 



CO ) . . .” 



cos 
cos 
cosec 
2 sin 

log 



Corrected M.Z.D. 
Declination 

Corrected Lat. 



It will be sufficient to take the above logs to the nearest 
minute ; as also those following. 
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5-615455 



Corrected Lat. 




COS 


Declination 




cos 


Corrected M. Z. D. 




cosec 


4 Hour angle 




2 sin 


Corrected Reduction 


rt 


log 



The difference between this corrected reduction and the 
former, applied to the corrected latitude, will give the true 

LATITUDE. 

Note. — The term “ near the meridian” must not be 
considered as always implying the same limit of distance. 
If in ex. 3 above, the latitude by account had been nearly 
equal to the declination, that is, about 12° N., the hour- 
angle employed would have been much too large for safety. 
Tor it is plain that in these circumstances, the sun’s motion 
in altitude, even when very near the meridian, is rapid: 
his zenith distance when on the meridian is small, but when 
off it only a few minutes of time, the zenith distance is con- 
siderable. Now in the investigation of the rule, it is 
assumed that the difference between the two zenith dis- 
tances is so trifling, that the cosine of that difference may 
be regarded as 1 without any error of consequence : we see, 
therefore, that in the circumstances here supposed, the 
method would be objectionable. 

It may be further noticed, too, that as a small error in 
the hour-angle would correspond to a comparatively large 
arc of altitude, a comparatively large displacement of the 
pole would be necessary to make the erroneous hour-angle 
and the true altitude agree ; and thus the latitude inferred 
would involve appreciable error. But, as already remarked, 
when the sun arrives at the meridian too near to the zenith 
for the present method to be trustworthy, on account of 
the reasons stated above, the hour-angle may be determined 
with sufficient accuracy by equal altitudes carefully taken 
before and after the meridian passage : — half the interval 
of time between the two observations being the hour-angle. 

H 
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As the sun’s motion in altitude when near the meridian 
is obviously greater and greater as his meridian zenith 
distance decreases, the hour-angle, must in the present pro- 
blem, be less and less. The following short table will show 
within what time of the sun’s passage over the meridian of 
the ship, the altitude “near the meridian” may always be 
taken. 



Sim’s Merid,, Zenith Diet., or Difference of Lat. and Declination. 


5° 


10* 


15 J 


20* 


25° 


30 


35 


mm 


45° 


50° 


55° 


00* 


65° 


0 h 3“ 



0 h 5" 


0 h 9™. 


0 h 12“ 


Oh l 5 m 


0 h 20 m 


0 h 25“ 




0>> 35“ 


Oh 40m 


0 h 50" 


0 h 55 m 


l h 



We shall now give a blank form, which may be followed 
whether the sun be near to, or remote from the meridian. 

Blank Form. Sun near to or remote from the Meridian. 

Sfiy The hour-angle *, declination, equation of time, and true alt. to be 
found as in the last Form. 



1. Hour-angle ..* 




2. PM 
Declin. 
Alt. 




Declination . . . . 


. . cot 1 




PM= .. .. 








ZM = 





Then the sum or difference of P M, Z M is the co-lati- 
tude, when the lat. and declin. are of the same name. And 
the sum minue 90° is the latitude when they are of different 
names. 

As already noticed at page 134, the latitude by account 
will in general be guide sufficient as to whether the sum or 
difference of P M, Z M, is to be taken. 

If either PM or Z M be so small that the error in the 
latitude by account may equal or exceed it, then, and then 
only, can there .be any doubt as to whether the sum or 
difference of P M, Z M should be taken ; and we shall be 

* The hour-angle here is, of course, to be computed to seconds of the 
equinoctial. The declination and equation of time are taken from page II 
of the Nautical Almanac ; and the “ Diff. for l h ” from page I. 
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apprised that our observation has been made when the sun 
is too near the six o’clock hour-circle, or too near the prime 
vertical. But without any reference to the latitude by 
account, whenever we know the position of the sun in refer- 
ence to the six o’clock hour circle and prime vertical, all 
ambiguity may be removed by the following simple consi- 
deration, namely : — 

*No two perpendiculars to a great circle of the sphere can 
cross each other except at the distance of 90° * : hence, 

1. When the Latitude and Declination are of the same 

name, 

If the six o’clock hour circle, and the prime vertical, be 
both on the same side of the sun, the difference between 
PM, ZM must be taken : the result is the Co-latitude. 
If the sun be between the six o’clock hour circle and the 
prime vertical, the sum of P M, Z M must be taken : the 
result is the Co-latitude. 

2. When the Latitude and Declination are of different 

names. 

The sum of PM, ZM must be taken : the result, dimi- 
nished by 90°, is the Latitude. [The sun, in this case, 
arrives at the prime vertical before it rises.] 

Should the sun be actually upon the six o’clock hour circle, 
then P M will be 0, and Z M will be the co-latitude. And 
should it be actually upon the prime vertical, Z M will be 
0, and P M will be the co-latitude. In the former case, the 
cosine of the hour-angle will be 0 ; in the latter, 

cos hour-angle = tan declination tan latitude. 

We think, with these precepts and directions, the mariner 
can have no difficulty in determining his latitude from a 

* Perpendiculars to the meridian all intersect in the E. and W. point 
of the horizon : these points are, therefore, the poles of the meridian. 

h 2 
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Single Altitude off the meridian, when his time is pretty 
accurately known. 

It will be observed that in the method just discussed, 
there is no restriction as to whether the sun be near the 
meridian or not; nor, being near the meridian, whether 
it be near the zenith or not. When near the zenith, it 
must, it is true, also be near the prime vertical ; but on 
which Bide of the prime vertical, will be ascertained by 
noticing on which side the E. or W. point the altitude is 
taken ; and also by noticing that the motion in altitude is 
quickest when the body is crossing the prime vertical. 

Whether the sun be near to or remote from the zenith, the 
observation should always be made when there can be no 
doubt as to on which side of the six o’clock hour circle, or 
of the prime vertical, the body is. And what is here Baid 
in reference to the sun is equally applicable to any other 
celestial object. 

In the following examples the learner is recommended, 
for the sake of practice, to work out the solutions, by both 
forms, of the cases in which the object observed is near the 
meridian. 

Examples for Exercise. — Object off the Meridian. 

4 « 

1. At 18™ 45 s from apparent noon, in latitude 8° S. by 
account, the sun’s true altitude was 74° 16' (zenith N.), 
and his declination at that time 23° 27' S : required the 
latitude true to the nearest minute ? 

Ans. latitude, 8° 23' S. 

2. In latitude 48° 12' N. by account, when the sun’s 

declination was 16° 10' S., at 0 h 16™ p.xr., apparent time, 
his true altitude was 25° 20' (zenith Jf.) : required the cor- 
rect latitude ? Ans. latitude, 48° 24' 5" N. 

3. At 3 h 5™ 36 s p.m., apparent time, in north latitude, the 
sun’s true altitude was 35° 4' 7", and his declination 10° 54' 
26" N. : required the latitude ? 

Ans. lat. 50° 48' 2S n N. 
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4. At 10 h 40 m a.m. apparent time, in north latitude, 
when the sun’s declination was 16° 12' 10" N.. his true alti- 
tude, S. of E., was 44° 56' : required the latitude ? 

Ans. lat. 58° 47' 8" N. 

5. In latitude 50° 40' N. by account, when the sun’s 
declination was 11° 44' 58" N., his true altitude was 50° 52' 
29" at ll h 47 m 57*, a.m. : required the correct latitude ? 

Ans. lat. 50° 47' 49" N. 

6. At 9 h 30 ra a.m., apparent time, in north latitude, when 
the sun’s declination was 12° 28' 40" N., his true altitude 
S. of E., was 41° 30' : required the latitude ? 

Ans. lat. 50° 6' 1" N. 

7. At 7* 1 20“ a.m., apparent time, in north latitude, when 
the sun’s declination was 18° 50' 10" N., his true altitude 
N. of E., was 24° 20' : required the latitude ? 

Ans. lat. 19° I4» 53" N. 

8. What would have been the latitude in the last example 
if the sun had been S. of E. at the time of observation ? 

Ans. 70° 36' 9" N. 

9. Oct. 29, 1858, P.M., in north latitude, and longitude 
4° 40' W., the Greenwich time, as shown by chronometer, 
which was 5 s slow, was 2 h 20“ 43*, the observed altitude of 
the sun’s lower limb was 46° 40', the index correction was 
— 4' 30", and the height of the eye 17 feet : required the 
latitude ? 

Ans. lat. 12° 5 O' 34" N. 

10. At ll h 2“ 32* p.m., apparent time, in longitude 0° 45' 
W., the observed altitude of the Pole Star was 51° 22', the 
index correction + 3', the height of the eye 26 feet ; and for 
apparent noon at Greenwich, on the day of observation, the 
Nautical Almanac gave the following particulars. (See the 
Kule, page 136.) 

Sun’s R. A. 6 h 51“ 111*; star’s B. A. l h 1“ 41* ; star’s 
declin. 88 p 26' 56": required the latitude to the nearest 
minute ? Ana. lat. 51° 47' N, 

11. Determine the latitude from the altitude of the Pole 



Digitized by Google . 



150 



PROBLEM OF DOUBLE ALTITUDES. 



Star, as given, with the other particulars, in the example at 
page 132. 



Latitude from Two Altitudes of the Sun, and the Time 
between the observations. 

It has been sufficiently shown in the foregoing article, 
that when the time is known, the latitude of the ship may 
always be found from a single altitude of the sun, provided 
we know his declination at that time. But if either the 
longitude by account, or the chronometer, be suspected of 
error too great to justify confidence in the time at ship, as 
deduced ‘from them, then it will be necessary to enter upon 
the more complicated problem of Double Altitudes. 

In this problem, the exact time, either at the ship or at 
Greenwich, is not necessary : it is the interval of time only, 
between the two observations, that it is requisite to know 
with accuracy ; and this the chronometer, or even a good 
common watch, if the interval be not unreasonably long, 
will always measure with the desired precision. 

In order to facilitate the solution of this problem of 
double altitudes, various tables have been constructed, and 
many rules and expedients devised ; but we consider that 
the direct method, by Spherical Trigonometry, while it is 
more accurate, is fully as short, and much less burthensome 
to the memory.* Its investigation is as follows : 

Let Z be the zenith of the ship, P the elevated pole, and 
S, S' the two places of the sun when the altitudes are taken, 

* The celebrated Delambre, after having carefully examined all the rules 
with which he was acquainted for the solution of this problem, came to the 
conclusion that the rigorous prooess, by spherical trigonometry, was to be 
preferred, as well for brevity as for accuracy of result. And another high 
practical authority, Captain Kater, entertains the same conviction as to the 
superiority of the direct over the indirect methods. — See “Encyclopaedia 
Metropolitana,” Art. Nautical Astronomy. 
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then in the annexed diagrams the following quantities will 
be given, namely — 

The polar distances P S, P S' 1 

co-altitudes . Z S, Z S' > to find the co-latitude Z P. 
hour-angle . . S P S' J 



There are thus three spherical triangles concerned, namely, 
the triangles P S’ S', Z S S', and Z S P, the first two, having 



the great circle arc 
S S', joining the two 
positions of the sun 
for a common base, 
and the third having 
for base the co-lati- 





tude Z P. 



1. In the triangle P S S', we may regard the two sides 
P S, P S' as equal, since the change of declination in passing 
from S to S' is so small that S S' may be safely considered 
as the base of an isosceles spherical triangle, of which each 
side is \ (P S + P S'), that is half the sum of the actual 
polar distances. Hence drawing the perpendicular P M, 
which will bisect the angle P and the base S S', we shall 
have given in the right-angled triangle P M S, the side P S, 
and the angle S P M, to find S M = i S S'. 

2. In the triangle P S S', there are now given the sides 
P S, S S' ; or P S', S S', to find the angle P S S' or P S' S. 

3. In the triangle Z S S' we shall have given the three 
sides to find the angle Z S S', and since the angle P S S' is 
known from the solution of the first triangle, we shall 
thence have — 



the angle P S Z = P S S' - ZS S' or P S S' + Z S S'. 

4. In the triangle P S Z we shall thus have given the 
sides S P, S Z, and the included angle, to find Z P. 

Thus by the solution of three spherical triangles, we shall 
be able to determine the co-latitude of the ship without the 
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aid of any but the common logarithmic tables, and the 
result will be rigorously correct, if the data are so, except 
in so far as it may be affected by the supposition that the 
magnitude of the arc S S' would remain unaltered by our 
lengthening the shorter of the two polar distances by half 
their difference, and shortening the other as much. It is 
plain that the error of this supposition, always very small, 
becomes less and less as the interval between the observa- 
tions becomes diminished. As the solution of the third 
triangle, in which two sides and the included angle are 
given, may be effected in various ways, we shall here give 
the investigation of what appears to us to be' the preferable 
method. 

Prom the fundamental formula of Spherical Trigonometry 
we have — 

cos Z P = cos S P cos S Z + sin S P sin S Z cos S 

But sin S P = cos S P S ' T ? . cos S P tan S P 
cos S P 

cos Z P = cos 8 P (cos S Z + sin 8 Z tan S P cos S) 

Now tan S P cos S must be equal to the cotangent of 
some arc : call this arc a, so that 

tan S P cos S = cot a = . . . (1) 

sin a 

then the preceding equation becomes 

„ t, „ T> sin a cos 8 Z + sin S Z cos a 

cos Z P = cos S P : 

sin a 

in which we see that the numerator of the fraction is equal 
to sin (a + S Z). Consequently we have finally 

cos Z P = C08SPsin(SZ+ _a) (2) 

sin a 

If S P should be greater than 90°, tan S P will be nega- 
tive ; so that when cos S is positive, the right-hand member 
of (1) will be negative. In this case therefore (2) will be 
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cos Z P 



cos S P sin (S Z — a) 
sin a 



• • (3) 



provided we still take cos S P positively, that is, use the 
supplement of S P. If S P and S each exceed 90°, (1) will 
be positive and (2) negative. 

We shall now exhibit the work by the above method, in 
an example, regarding the necessary preliminary corrections 
for altitude, declination, and semidiameter, to have been 
made. 



Examples. — Latitude from two altitudes of the Sun, and 
the elapsed time. 

1. The two corrected zenith distances of the sun’s centre 
are 

Z S = 73° 54' 13", and Z S' = 47° 45' 51", 

the corresponding polar distances are 
P S = 81° 42' N. and P S'= 81° 45' N. i (PS + P S') = 81° 43' 30", 

and the interval of time between the observations is 3 h : 
required the latitude ? 

1. In the triangle P M S, to find the side S M. 

P S 81° 43' 30" sin 9-995455 

SPM22 SO 0 sin 9-582840 

SM 22 15 11 sin 9-578295 

2 

8S'=44 30 22 



2. In the triangle P S S', to find the angle P S S'. 

S S' 44° 30' 22" Aritli. Comp, sin 0-154291 

PS' 81 45 0 sin 9-995482 

S P S' 45 0 0 sin 9-849485 

P S S' 86 39 0 ..... sin 9-999258 

h 3 
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3. In the triangle Z S S', to find the angle Z S S’. 



Z S' 47° 


45' 


51’ 


ZS 73 


54 


13 


SS' 44 


30 


22 


2)166 


10 


26 


4 sum of sides = 83 


5 


13 


£ sum — Z S = 9 


11 


0 


4 sum — S S' = 38 


34 


51 


4 Z S S' = 22 


36 


26 


.*. Z S S' = 45 


12 


52 


P S S' = 86 


39 


0 


.*. P S Z = 41 


26 


8 



Arith. Comp, sin 0*017369 
Arith. Comp, sin 0* 154291 



sin 9-203017 
sin 9-794919 

2)19-169596 

sin 9-584798 



4. In the triangle P S Z, to find first a, and thence the side Z P. 



V 8 81* 42* 0". . tan 10 835992 

P8Z 41 26 8 . . cos 9-874888 

« = 11 0 42 . . cot 10-710880 

Z S = 73 64 13 



PS cos 9*159435 

a 11" 0' 42" Ar. Comp, sin O 718946 
ZS+a84 54 55 ... sin 9-99S28S 

Lat. = 48 49 55* . . . sin 9 876669 



Z 3 + a = 84 54 55 Hence the Latitude is 48* 49” 55". 



Note. — The first operation, namely, that for finding S S', 
may be replaced by a process similar to that marked (4) just 
given ; because, in both cases, two sides and the included 
angle of a triangle are given to find the third side ; but, as 
already remarked, a trifling amount of accuracy, in the 
determination of S S', has been sacrificed to the superior 
brevity of the work. It may not be amiss here to recom- 
pute S S', in the manner in which Z P is computed above, 
for the sake of comparing the two results. 

* The sum of the three logarithms is the cosine of Z P, consequently it 
is the sine of the latitude. 
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PS 81* 42* 0" tan 10-835992 

S PS' 45 0 0 cos 9-849485 

a = 11 39 26 cot 10-685477 

P S' = 81 45 0 

P S' + a = 93 24 26= Sup. * of 86' 35' 34" 



PS cos 9-159435 

a 11* 39' 26'' Ar. C. sin 0 694528 

PS'+« 86 35 34 . . sin 9 999232 

S S'= 44 SO 23 . . cos 9 853195 

which differs from the former result 
only by 1". 



This example is well suited to test the general trust- 
worthiness of the operation marked (1), as the interval 
between the observations, 3 hours, is tolerably large, and 
the change of declination, 1' an hour, is an extreme suppo- 
sition. 

In reference to the method of solution here exemplified 
there are one or two remarks to be made, which deserve the 
student’s attention. 

1 . In the step marked (2) the angle P S S' is inferred 
from its sine. Now to a sine belongs either of two angles — 
the supplements of each other, and it may be matter of 
doubt whether the angle taken from the table, in connection 
with this sine, should, in the case before us, be acute, as we 
have considered it to be in the above operation, or obtuse : 
we proceed to show how the ambiguity may be avoided. 

The fundamental formula of Spherical Trigonometry gives 



cos P S' = cos PS cos S S' + sin P S sin S S' cos P S S' 
cos PS' — cos P S cos S S' 



cos P S S' = 



sin P S sin S S' 



Now, it is matter of indifference which of the two places of 
the celestial object we mark S or S' ; so that in this formula 
we may always consider that cos P S' is numerically greater 
than cos PS; and consequently numerically greater than 
cos P S cos S S'. And since the denominator is necessarily 
positive, the fraction necessarily takes the sign of cos P S'. 
Consequently, cos P S S' always has the same sign as cos P S', 
so that P S' and P S S' are always either both acute or both 



* Instead of taking the supplement, for the purpose of getting its sine 
in the next column of the work, we may take merely the excess of P S'+* 
above 90°, namely 3° 24' - 26", and takeout its cosine, which, of course, is 
the same thing as the sine of 93° 24' 26". 
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obtuse : hence, if we always take for P S' that one of the 
two polar distances, whose sine is less than the sine of the 
other, the angle P S S' will always be of the same species as 
the side P S', that is, they will be either both acute or both 
obtuse. 

As respects the sun, however, these considerations need 
not be attended to : whenever the two positions of that body 
are on the same side of the equinoctial, both angles will be 
either acute or obtuse, — acute when the declination is of 
the same name as the latitude, and obtuse when it is of 
contrary name. The sides of the polar triangle differ from 
equality in so trifling a degree, that the angles referred to 
may always be regarded as of the same species, except when 
the sun actually crosses the equinoctial in the interval of 
the observations ; and even then, each angle will be so near 
to 90° that, whether they be regarded as acute or obtuse, 
can make no difference of importance. 

2. In low latitudes it may happen that the arc S S', if pro- 
longed, would cut the meridian between P and Z, as in the 
second of the diagrams at page 151. In this case the angle 
P S Z will not be the difference of the angles P S S', Z S S', 
but their sum. It is plain that when the altitudes are both 
on the same side of the meridian, P S Z can be the sum 
only when the latitude is so low — the declination also being 
of the same name — that the sun would cross the meridian 
between P and Z ; for if it crossed the meridian on the 
other side of Z, the great circle arc S S', when prolonged, 
would necessarily cut the meridian still further from Z on 
that side : hence when the declination and latitude are of 
the same name, and we know that the latter is greater than 
the former, we may be sure that the difference, and not the 
sum, of the two angles in question must be taken, when 
both observations are on the same side of the meridian. 
When, however, under oilier circumstances, in these low 
latitudes, a doubt occurs, we may remove it by recomputing 
the final step, taking the sum instead of the difference, or 
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vice versd; and choosing that of the two results which 
differs the least from the latitude by account. But a more 
convenient way seems to be this ; namely, to directly com- 
pute the angle P S Z, from the three sides of the triangle 
P S Z : the polar distance P S, the co-altitude Z 9, and the 
co-latitude by account P Z, the operation being similar to 
that of step (3) above ; the result will be an approximation 
to what the step referred to ought to give. And we may 
remark, that as an approximation only is to be expected, 
seconds in the several arcs need not be regarded ; each may 
be taken to the nearest minute only. 

When the true co-latitude P Z is thus ascertained, we 
may combine it with the polar distance P S, and the co- 
altitude Z S, in imitation of the operation (3), to determine 
the hour-angle Z P 9, that is, the apparent time from noon, 
when the altitude nearest to the prime vertical was taken ; 
and the correction for Equation of Time being applied, we 
shall get the mean time from noon when S was observed. 
We here suppose S to be that one of the two positions of 
the sun which is the nearer to the prime vertical, since the 
motion in altitude is quicker than when the sun is in the 
other position, and consequently a small error in the altitude 
has a less effect upon the hour-angle. 

In the example worked at page 153, we have proceeded 
on' the supposition that the altitudes of the sun have both 
been taken at the same place ; but as, at sea, the ship 
usually sails on during the interval of the observations, it is 
necessary to allow for the change of place, and to reduce the 
first altitude to what it would have been if taken at the place 
of the second observation. 

This is called the correction for the ship’s run ; it is ob- 
tained thus : — Prom the sun’s bearing find the angle between 
the ship’s direction, and the sun’s direction at the first 
observation ; then considering this angle as a course, and 
the distance sailed as the corresponding distance, find, 
either by the traverse table, or by computation, as in plane 
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sailing, the diff. lat. : this will be the number of minutes by 
which the Bhip — or rather the ship’s zenith — has advanced 
towards, or receded from, the sun in the interval, and will 
therefore be the number of minutes to be added to, or sub- 
tracted from, the first altitude, to reduce that altitude to 
what it would have been if taken by another person at the 
place of the second observation, and at the time of the first. 

2. February 8, 1858, in latitude 35° N. by account, when 
the mean time at Greenwich, as shown by the chronometer, 
was ll h I7 m 4 s A.M.,the observed altitude of the sun’s lower 
limb was 36° 10', and his bearing S.£E. : after running 27 
miles, the observed altitude of the lower limb was 41° 20', 
the time shown by the chronometer being 2 h 38 m 18 s p.m. 
The error of the instrument was -f-2', and the height of the 
eye 20 feet : required the latitude of the ship when the 
second observation was made. 

1. For the polar distances PS, PS', and the angle SP S' between them. 

First Observation. 



G. Time, Feb. 7 . . . 23 l > 17” 4* 

Noon Declin. 15° 18' 4" 8. Diff. l h — 47"-26 
Cor. for 23* * . . —18 19 23* 



Declination . . 14 


59 


45 S. 


14178 


90 






9452 


PS= 104 


59 


45 


1181 









6,0)109,8-79 








Cor. 18' 19" 


Second Observation. 




G. Time, Feb. 8 . 


. 


. 2 h 38” 18* 




Noon Declin. 14° 


59' 


10" S. Diff. 


lh _47 "-89 


Cor. for 2 h * . . — 


- 2 




24 


Declination . . 14 


57 


~io~s. 


9578 


90 






2395 


PS' = 104 


57 


10 


6,0)11,9-73 


PS = 104 


59 


45 


2' 


2)209 


56 


55 




104 


58 


28 = J (PS+PS 7 ) 
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„ From ) Time of 1st Observation 23 h 17 m 4* 3 h 

Noon, Feb. 7 5 .. 2nd ... 26 38 18 21 m 

Interval of Time . 3 21 14 14> 

Hence the angle S P S', in degrees, 



2. For the true altitudes of the Sun's centre. 



First alt. sun’s L. L 36“ 10' 0* 

Index and Dip - 2' 24" | > +1351 

Semi-diameter 16 15 J 

App. alt. of centre 36 23 51 

Refraction — Parallax .... — 1 12 

True alt. of centre . . . 36 22 39 

Second alt. Bun’s L. L 41° 20' 0" 

Index, Dip, and Semi + 13 51 

App. alt. of centre 41 33 51 

Refraction — Parallax .... — 59 

True alt. of centre ... 41 32 52 



= 45* 

= 5“ 15' 

= 3' 30" 



= 50 18 30 



Since the angle between the sun’s bearing at the first 
observation, namely, S.^E., and the course of the ship after- 
wards, namely, N.E., is Ilf points, the ship has sailed, in 
the interval, within 4 ^ points of the direction opposite to 
the sun, a distance of 27 miles. With 27 miles dist. and 
4f points course, the Traverse Table gives 18' for the cor- 
responding diff. lat., so that the ship has receded 18' from 
the sun during the interval of the observation. Conse- 
quently 18' must be subtracted from the first true altitude 
to reduce it to what it would have been if a second observer 
had taken it at the place of the second observation at the 
tiiqe the first was made. The true altitudes at this latter 
place are therefore 

36“ 4' 39" and 41° 32' 52" 

.*. ZS= 53° 55' 21" and ZS' = 48“ 27' 8" 
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3. In the triangle P M S, to find S M = 4 8 S'. 

Each of the eqnal sides of the triangle S P S', regarded as isosceleB, is 
4 (P S + P S') = 104° 58' 28”, andSPM=4SPS' = 25‘“ 9' 15" 



PS 


104° 


59' 


45" ... sin 9-984952 


SPM 


25 


9 


15 . . . sin 9-628445 


SM 


24 


14 


284 .. . sin 9-613397 








2 


.*. S S'= 


= 43 


28 


57 


4. In the triangle P S S', to find the angle P S S'. 


SS' 


o 

CO 


to 

00 


57" Arith.Comp. sin 0-125661 


PS' 


104 


57 


10 .... sin 9-985039 


SPS' 


50 


18 


30 .... sin 9-886204 


PS S' 


83 


10 


0 .... sin 9-996904 


5. In the tritingle Z SS', to find the angle Z SS'. 


ZS' 


O 

co 


27' 


8" 


ZS 


53 


55 


21 Arith. Comp, sin 0-092470 


SS' 


48 


28 


57 Arith. Comp, sin 0-125661 




2)150 


51 


26 


4 sum of sides 


= 75 


25 


28 


4 snm — Z S 


= 21 


30 


7 .... sin 9-564113 


4 sum — S S' 


= 26 


56 


31 . . .sin 9*656182 








2)19-438426 


4 ZSS' 


= 31 


35 


29 .... sin 9-719213 


ZSS' 


= 63 


10- 


58 


PSS' 


= 83 


10 


O 


PSZ 


= 19 


59 


2 



6. In the triangle P S Z r to find first a and thence the side Z P. 



P S 104* 59' 45" ... tail W-572074 
P S Z 19 59 2 ... cos 9-973030 

a — 15 54 34 ... cot 10-545104 
Z S = 53 55 21 

ZS — a = 38 0 47 [See formula (S), 
p. 153.] 



P8* cos 9-412878 

« 15° 54' 34'' Ar. Comp, sin 0 562063 
ZS — « 38*0' 47" . . . Bin 9-789469 

Lat. = 35* 32' 35" . . sin 9764410 

Honce the latitude is 35° 32' 35" N. 



* There are three references to the Tables with this are, namely, one in 
step 3 for the sine, and two in the present step, one for tangent, and the 
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Note. — T he illustrations now given will convey to the 
Btudent a sufficient notion of the problem of Double Alti- 
tudes ; and from the length of the computation involved in its 
solution, he will be prepared for the statement that it is a pro- 
blem resorted to at sea only from necessity. This necessity, 
however, can but seldom occur ; so long as the chronometer 
can be safely depended upon, and the longitude by account 
is not grossly in error, the time at the ship can always be 
obtained with sufficient precision to enable us to get the 
latitude from a single altitude of the sun, as fully explained 
at pages 136 and 146. And the latitude thus inferred from a 
single altitude, and the sun’s hour-angle, is in general much 
more trustworthy than the latitude deduced from double 
altitudes, which should never be regarded as more than an 
approximation. Trifling errors in the data of a problem 
may accumulate to something considerable when they per- 
vade a long course of operations. One of the two altitudes 
in the present problem we are pretty sure must be affected 
with error : — the altitude, namely, which is corrected for 
the run of the ship : there is, of course, some difficulty in 
getting the sun’s bearing with precision, and there is a 
further liability to error in the estimated distance sailed.* 



cos PS = 9-412878 



other for cosine. These may all be taken from the table at one opening ; 
but it will be better to take out only two — as sine and tangent ; then cosine 
is at once got by subtracting the tan from the sine, conceiving the latter 
, , . , T „„ , sin 10 + sin PS = 19-984952 

to be increased by 10, for cos =— tan P S = 10-572074 

log cos = 10 + log sin — log tan, as 
in the margin. 

* If the sun’s true bearing or azimuth at either place of observation 
could be taken with precision, there would be no necessity for a second 
altitude ; for we should then have a spherical triangle Z P S in which are 
given the polar distance P S, the co-altitude Z S, and the angle Z, to find 
the co-latitude Z P. 

For the purposes of the problem in the text, however, the true bearings 
of the sun and of one place of observation from the other, are not neces- 
sary : — the compass bearings are sufficient, because the angle between the 
two directions — which is all that is wanted — is unaltered in magnitude 
whatever be the variation of the compass. To obtain the true azimuth of 



Digitized by Google 




162 



LATITUDE BY DOUBLE ALTITUDES. 



The sun’s bearing can be taken with more accuracy when 
low than w’hen high ; so that in this problem the bearing 
is always taken with the less of the two altitudes ; when 
therefore it is the second that is the less altitude, and the 
sun’s bearing is taken, the point opposite to that of the 
ship’s course, from the former position, must be used in 
reducing the second altitude to what it would have been if 
taken at the same place as the first ; and the latitude will 
apply to that place. The following is the blank form of the 
operations : — 



Blank Fobm. Latitude from Two Altitudes of the Sun. 

1. For the polar distances PS, PS', and the polar angle SP S' 
between them. 



First Observation. 

0. Time . . h . .“ . .• 

Noon Declin. . . ." Diff. in l h 

Cor. for hours fr. noon . . . . Hours from noon x . 



Declination 

90 

PS = . . 



6 , 0 )... 



n 



Correction 



Second Observation. 

G. Time . . h . , m . .■ 

Noon DecliD. . . ° . .' . . * Diff. in l k . . 

Cor. for hours fr. noon . . . . Hours from noon x . . 

Declination . . 

90 

PS'=T7 

PS = . . 

2) 7T 

4 (P S + P S') = used for P S, in step 3. 

Interval of Time, converted into Degrees, 

.* = SPS' 4 S P S' = . .° . .' . .• = SPM. 



M) - • • •' 

Correction . .'. ." 



the sun, and thence to deduce the latitude as indicated in this note, the 
correction for variation must of course be applied. 
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2. For the true altitudes of the Sun's centre. 



First alt. (L. L. or U. L.) 
Index and Dip . 1 
Semi-diameter .... J 

App. alt. of centre 
Refraction — Parallax 



. ." Second alt. (L. L. or U. L.) 
Index and Dip . .' . ." ) 
Semi-diameter .... { 

. . . App. alt. of centre 
, . . Refraction — Parallax 



True alt. of centre 



True alt. of centre 



tf 



The sun’s bearing when the less altitude was taken having 
been observed, and the course of the ship, or the bearing of 
the place of the greater altitude from that of the less being 
known, find by addition or subtraction, the angle between 
these two bearings. With this angle as a course, and the 
distance between the two places as a distance, find the cor- 
responding diff. lat. from the Traverse Table ; and this diff., 
taken as so many minutes, add to, or subtract from, the less 
altitude, according as the ship has advanced towards, or 
receded from the sun. The less altitude being thus cor- 
rected for run, subtract each altitude from 90°, and we shall 
have 

ZS= . and ZS' = . . ." 



3. In the triangle P M S, to find 
S M and thence 2 S M — S S’. 



PS 


sin 


SPM 


sin 


SM 


sin 


2 




'.SS'- 





4. In the triangle P S S' to find 
the angle P S S'. 

S S' Ar. Comp, sin 



PS' sin 

S P S' sin 

PS S' sin 



Note. As pointed out in the preceding page, the polar 
distance, used in this third step, is taken equal to the half 
sum of the actual polar distances. 
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5. In the triangle Z S S', to find the angle Z S S' and thence P S Z. 



Z S' 



Z S . . . . . Arith. Comp. sin 

S S' Arith. Comp. sin 



2 ) 

4 sum of sides 
4 sum — Z S 
4 sum — S S' 

4ZSS' = 



sin 

sin 

2 ) 

sin 




Z S S' = 
PSS' = 



1 

$ 



The sum or difference. (See p. 156.) 



PSZ = 



6. In the triangle PSZ, to find first a and thence the latitude. 



PS 


tail 


PS..* ... 


" cos 


PSZ- .. . 






Ar. Comp, sin 
sin . 






zs+« 






zs- .. 






sin . 








zs±« = .. 


. . . . (See formulas, 
p. 152.) 







If instead of the sun the object observed be a star, step 1 
is of course dispensed with, as the declination is got at once 
from the Nautical Almanac, and in step 2 there is no cor- 
rection for semidiameter and parallax ; the remainder of 
the operation is the same. But instead of taking two alti- 
tudes of the same star, a far more practicable and trust- 
worthy method of finding the latitude is to take simultaneous 
altitudes of two distinct stars. This method has several 
advantages : — 

1. No allowance is made for run of the ship, and thus all 
error involved in the c&urse sailed and the bearing of the 
sun is avoided. 

2. There is no risk incurred of losing a second observa- 
tion from unfavourable weather. 

3. The hour-angle, or the angle at the pole between the 
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two polar distances, is given at once by taking the differ- 
ence of right ascensions of the two stars ; so that neither 
the Greenwich date nor the time at ship requires to be 
known. 

As, however, the polar distances of the two stars may 
differ considerably, the side S S' cannot here be computed as 
in the case of the sun or of a single star : it must be found, 
in the triangle S P S', in a way similar to that in which Z P 
was found in the triangle P S Z. But after what has been 
done, an example will suffice to make the operation intel- 
ligible. 

It is proper to notice, however, that if there be but one 
observer, so that the altitudes, instead of being both taken 
at the same instant, must be taken in succession, the prac- 
tical operation must be managed as follows : — The altitude 
of one star must be taken, and the time noted by a watch ; 
the altitude of the other star must then be taken, and the 
time noted. After a short interval, the altitude of the 
second star must again be taken, and the time noted: we 
shall thus learn the second star’s motion in altitude in a 
given time ; and may thence, by proportion, find what its 
altitude was when the first star was observed ; so that we 
shall have the altitudes of both at that instant. 



Latitude from the Altitudes of two Stars taken at the 
same time. 

Ex. In latitude 38° N. by account, the altitudes of 
a Pegasi and a Aquilae, taken at the same instant, on the 
same side of the meridian, were respectively — 

29° 49' 27* and 57° 29' 50", 

the index correction was — 15", and the height of the eye 
41 feet: also, the Nautical Almanac gave the following 
particulars > ■ 
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a. PegASI. a AQDILJE. 

Declination 14° 22' 50" N. Declination 8° 28' 2’ N. 

Bight Ascension 22 h 57 m 6* Bight Ascension 19 h 43 m 15* 

Required the latitude ? 

1. For the polar distances P S, PS', and the polar angle SP S’ 
between them. 



14° 


22' 50" 




8° 28' 2" 




90 






90 




PS' = 75 


87 10 




PS* = 81 31 58 






( 22 h 57 m 


6* 


3 h . . . 


45° 


Right Ascensions 


( 19 43 


15 


13“ . . . 


3 15' 


S P S' in time 


= 3 13 


~51 


51* . . . 


12 45’ 








,\8PS' = 


48° 27' 45’ 



2. For the Stars’ true zenith distances Z S', Z S. 



Observed alt. of S' . . 
Index and Dip . , . 


29° 49' 27" 
—6 33 


... of S 


57° 29' 50’ 
— 6 33 


Apparent alt. . . . 

Refraction 


29 42 54 
— 1 42 




57 23 17 
— 37 


True altitude . . 


29 41 12 
90 




57 22 40 
90 


II 

OQ 


60 18 48 


ZS = 


32 37 20 



3. In the triangle PS S', to finds S'. 



PS' 


75° 


CO 


10" 


. . tan 10-591091 


SPS' 


48 


27 


45 


. . cos 9-821586 


a = 


21 


8 


23 


• . cot 10-412677 


PS = 


81 


31 


58 


PS + « = 


102 


40 


21 




PS' 


75° 


37' 


10" 


. . . cos 9-3950S4 


a 


21 


8 


23 


Ar. Comp, sin 0-442922 


P S + « 


102 


40 


21 


• • . sin 9*989290 


SS' = 


47 


47 


14 


• . . cos 9-827296 



This is marked P S, instead of P S', for the reason assigned at p. 155. 
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4. In the triangle P S S', to find the angle PS S'. 

S S' 47° 47' 14" . Arith. Comp. Bin 0-130384 

PS' 75 37 10 ... sin 9-986175 

SPS' 48 27 45 . . . sin 9-874205 

PSS'78 13 32 ... sin 9-990764 



5. In the triangle Z S S', to find the angle Z S S' and thence P S Z. 



Z S' 60° 18' 48" 

Z S 32 37 20 . Arith. Comp, sin 0-268333 

SS' 47 47 14 . Arith. Comp, sin 0-130384 



2)140 


43 


22 




70 


21 


41 




4 sum — Z S = 37 


44 


21 


. sin 9‘786799 


i sum — S S' = 22 


34 


27 


. sin 9’584194 








2)19-769710 


4 ZSS' = 50 


5 


41 


, sin 9-884855 ' 


.-.ZSS' =100 


11 


22 




PSS'= 78 


13 


32 




.\PSZ = 21 


57 


50 




6. In the triangle P SZ, to find a 


and thence the latitude. 


PS 


81° 


CO 

>o 

H 

CO 


. tan 10-827204 


PSZ 


21 


57 50 


. cos 9-967276 


a. — 


9 


7 9 


. cot 10-794480 


zs = 


32 


37 20 




zs + * = 


41 


44 29 




GO 

OO 


0 31' 


58" . 


. cos 9‘168008 


a 9 


7 


9 Ar. Comp, sin 0-800021 


ZS + «41 


44 


29 . 


. sin. 9 -823324 


Lat. 38 


12 


29 . 


. sin 9‘791353 



The blank form for the foregoing operation is as follows:— 



Digitized by Google 




16S 



BLANK FORM : ALT. OF TWO STABS. 



Blank Form. Latitude from Altitudes of two Stars talcen 
at the same time. 

JJggp’ That star is to be marked S' of which the sine of the 
polar distance is the less. 

1 . For the polar distances PS, PS', and the polar angle S P S'. 

Declin. of S . .° . .' . .* of S' . „° . . ." 

90 90 

Polar diet. P S = P S' = 

R. A. of S . . h 
„ of S' 

SPS' in time .\ S P S' = . 



2. For the true zenith distances Z S, ZS'. 



Observed alt. of S . .° . .' . . " 
Index and Dip . . . . 


of S' . .’ . . ." 

• • • • 


Apparent alt. 

Refraction — . . . . 


• • • * • • 


True altitude 

90 


90 


ZS- 


ZS'= 





3. In the triangle P S S', to find S S'. 


ps' .: 


’ tan , 


PS' cos. 


srs' .. .. 


. . COS 1 






.. cot 


PS±« sin 


PS — 


SS' = cos 


S'f'a = . . 


. . (See formulae. 






p. 152.) 





The remaining steps, namely, 4, 5, and 6, are the same as 
those in the form at page 163. 
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Examples J'or Exercise in Double Altitudes. 

1. In latitude 1° 34' 2?. by account, two corrected zenith 
distances of the sun’s centre were 54° 39', and 19° 59' ; 
the corresponding declinations were 5° 31' 6" S., and 
5° 28' 54" S. ; the interval of time between the observa- 
tions was 2 h 20 m : required the latitude ? 

Ans. lat. 1° 29' 28" N. 

2. In latitude 35° 27' N. by account, when the mean 
time at Greenwich, as shown by the chronometer, w as ll h 
17 m 4 s a.m., the’observed altitude of the sun’s lower limb 
was 36° 14', and his bearing S. £ E. After running N. E. 
27 miles, the observed altitude of the lower limb was 
41° 24', the time at Greenwich being 3 U 38“ 18 s p.m. The 
error of the instrument was — 4', and the height of the eye 
20 feet. The Nautical Almanac gave — 

Decliu. at G. noon preceding 1st observation, 15° 3S' 0". Diff. in l h , — 46"‘5 

„ G., following „ „ 15 19 82 „ — 47"-2 

Sun’s scmidiametor 10° 11'. 

Required the latitude of the place where the second obser- 
vation was made ? Ana., lat. 35° 20' 2" N. 

3. In latitude 53° 30' N. by account, the corrected zenitli 
distances of Capella and Sirius, both observed at the same 
time, were — 

* 

Capella. Sirius. 

Zenith distance Z S’ = 29’ 14' 24" Zenith distance Z S = 72’ 5' 4s" 

l Polar distance PS' = 44 11 89 Polar distance P 8 = 108 28 40. 

Also the difference of their right ascensions was l h 33“ 45 s : 
required the latitude ? Ans., lat. 53° 19' 23" N. 

4. In latitude 28° 10' S. by account, the sun being ob- 
scured at noon, its altitude was taken shortly afterwards, 
the chronometer at the instant showing 9 h 49“ 20 a ; and 
when the same chronometer showed 10 h 41“ 45®, the alti- 
tude was again taken. In the first observation the altitude 
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of the upper limb was 45° 33' ; in the second the altitude of 
the lower limb was 42° 8' 30", the sun’s bearing at the time 
being N. -j E. The ship’s run in the interval was N.W. 
| W. 6 miles ; the allowance for index error and dip was 
— 4' 30", and the Nautical Almanac gave for the Green- 
wich noon of the day — 

Sun’s declination 16° 34' 4" N. DifF. in l h , 42 7, 8 

Sun’s semidiameter 15' 52". 

Required the latitude to the nearest minute at the place 
where the first observation was taken ? 

Ana., lat. 28° 0' S. 

Note. — In the foregoing examples a single altitude of 
the celestial object observed, has uniformly been regarded 
as the altitude at the time ; but as it is not always easy to 
take an altitude with precision, it is customary, where much 
accuracy is required, to take several altitudes — usually 
three or five — in pretty rapid succession, that is, within a 
minute or two of each other, and to note the corresponding 
times : the intervals should be as nearly equal as practicable. 
The mean of the altitudes is then taken as the altitude 
corresponding to the mean of the times. 

The learner is to understand, however, that in taking a 
set of altitudes, it is not the chronometer which is directly 
consulted for the corresponding times : the chronometer is 
never removed and carried about, but a good seconds watch 
is always employed. The mean of the times by watch, cor- 
responding to the mean of the altitudes, being found, the 
watch is then carried to the chronometer, and its error on 
the chronometer ascertained ; this error being allowed for, 
we have the time by chronometer corresponding to the 
mean of the altitudes ; or the error is found immediately 
before the observations are taken. 
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CHAPTER III. 

ON THE VABIATION OP ME COMPASS. 

The angle by which the compass-needle — when unin- 
fluenced by local circumstances — deviates from the true 
north and south line, is called the variation of the compass 
at the place through which that north and south line passes. 
The variation is different at different places, and is seldom 
long constant even at the same place. At London the 
variation was formerly easterly — in 1659 it was zero, the 
needle then pointing due north and south : it then slowly 
deviated from the plane of the geographical meridian to- 
wards the west, the deviation increasing till the year 1819, 
when the westerly limit, 24° 42', appears to have been 
attained. Since then it has been slowly but irregularly 
returning, the variation at present being about 23° West. 
On shipboard the angular departure of the’ compass-needle 
from the plane of the geographical meridian, is the combined 
effect of the variation properly so called and the local attrac- 
tion of the ship itself, which in iron vessels must of course 
be considerable. Contrivances have been introduced to 
neutralise this local attraction ; an account of the most 
efficient of these will be found in the article on “ The Com- 
paBS,” in Mr. Grantham’s “ Iron Shipbuilding,” in Weale’s 
Series of Rudimentary Treatises. 

To ascertain at any place the amount by which the com- 
pass direction deviates from the direction of the true north 
and south line, is obviously a matter of much practical im- 
portance at sea : the following article will be devoted to the 
consideration of it. 

i 2 



Digitized by Google 




172 



YABIATION FBOM AK AMPLITUDE. 



Variation determined from the observed Amplitude of a 
celestial object. 

In order to discover to what extent the compass is in 
error, it is plain that we must possess some means inde- 
pendent of that instrument of finding the true bearing of an 
object ; the difference between this and the compass bearing 
will he the variation, or the error of the instrument. 

At sea, the object must be one of the heavenly bodies : if 
it be in the horizon, that is, just rising or setting, the 
bearing is its amplitude ; if it be above the horizon, the 
bearing is its azimuth. When the object is rising, the true 
amplitude is always measured from the E., and when it is 
setting from the W., and towards the north or south 
according as the declination is N. or S. 

To compute the amplitude it is only necessary to know 
the declination of the object, and the latitude of the place. 

Eor let P be the elevated pole, 
and Q Q' the equinoctial; Z 
the zenith, and H H' the hori- 
zon ; then if S be the body at 
r rising or setting, the perpen- 
dicular S D to Q O' will be 
its declination, the opposite 
angle O, at the east or west 
point of the horizon, will he 
the co-latitude of Z, and the 
hypotenuse O S will be the true amplitude ; so that in the 
right-angled spherical triangle 0 D S we have sin S D =ain 
O S x sin O, that is sin declin. = sin amp. x cos lat. 

sin amplitude = fo.folqgfog 
cos latitude 

Since refraction causes objects to appear in the horizon 
when they are on the average about 33' below it, the com- 
pass bearing should be taken when the sun’s centre, or the 
star selected, is about 33’-}- dip above the sea horizon; so 
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• 

that allowing 16' for the sun’s semidiameter, the observed 
altitude of the sun’s lower limb should be about 17' + dip. 
It is to be observed that if the true amplitude, found by 
calculation, and that taken by the compass, be both N. or 
both S., their difference will be the variation ; but if one be 
N. and the other S. their sum will be the variation. The 
variation is E. when the true amplitude is to the right, and 
W. when it is to the, left of the compass amplitude, that is 
to say, it is E. or W., according as the sun’s true direction 
is to the right or left of the compass direction. It will be 
sufficient if the variation is found to the nearest minute. 



Examples. — Variation of the Compass from an Amplitude. 

1. February 20, 1858, the rising amplitude of Aldebaran, 
taken at sea with the azimuth compass in true latitude 27° 
36' N., was E. 23° 30' N. : required the variation of the 
compass ? 



Declination of Aldobaran, Feb. 20, 1958, (Naut. Aim. p. 3 T9.) 10” 13' 21" N. 
log sin amplitude = log sin declin. — log cos latitude + 10 
Declin. 16“ 13' 21" .... sin 944618 

Latitudo 27 36 0 .... cos 9 '94753 



True amplitude E.' 18 22 33 N. . 
Compass amplitudo E. 23 30 0 N. 

Variation 5“ 7' 27" E. 

or 5° 7'J E. 

the true amplitude being to the right. 



. . sin 9 '49865 

The magnetic or compass E. has 
receded 5’ 7' 27" from the true E. 
towards the S., hence the magnetic 
N. must have deviated this amount 
E. from the true N. 



2. July 10, 1858, the star Eigel was observed to set 9° 
50' to the N. of the W. point of the compass, in true lati- 
tude 48° 10' N. : required the variation of the compass ? 

Declination of Eigel, July 10, 1858, 8° 21' 54" S. 

Declin. 8° 21' 54" .... sin 9 16280 

Latitude 48 10 0 .... cos 9 '82410 

True amplitude W. 12 35 56 S. . . . sin 9'33870 

Compass amplitude W. 9 50 0 N. 

Variation 22° 25' 56" W., or 22° 26' W., the true am- 
plitude being to the left. 
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3. February 15, 1858, in latitude 43° 36' N. true, and 
longitude 20° W. by account, the setting amplitude of the 
sun’s centre was observed to be W. 6° 45' N. at 6 h 50 m p.m. 
apparent time : required the variation of the compass ? 

« 

1. For the declination at time of observation. 

t 

App. Time at Ship . . . . 6 k 50 m 
Long, in time W. . . . . . + 1 20 

App. Time at Greenwich . . 8 10 



Sun’s Noon Declin. 12° 39' ST'S S. 
Cor. for 8 h 10 m . — 7 3 

Declination . 12 32 54 S. 



Di£ l h ,-51"-82 



41456 

864_ 

423-20 



2. For the True Amplitude. 

Declin. 12° 33' .... sin 9-33704 

Latitude 43 36 .... cos 9-85984 

True amplitude W. 17 28 8 sin 9-47720 

Compass amplitude W. 6 45 N. 

Variation . 24° 13' W., the true amp. being to the left 

of the compass. 

The blank form for these operations is the following : 



Blank Fobm. — Variation of Compass from Sun's 
Amplitude. 

[The true amplitude is always measured from the E. when 
the object is rising, and from the W. when it is setting ; 
and towards the jST. or S. according as the declination is 
N. or S.] 
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1. For Sun’ t declination at time of Observation. 

Time at Ship . . k . . m . 

Long, in Time . . . . . . 

Greenwich date 

Sun’s Noon Declin. at 0. . .° . .' . ." Diff. l k 

Cor. for Time from Noon . . . . No. of hours x . . 

Declination Cor. 



2. For the true Amplitude, and Ounce the Variation. 



Declination 

Latitude 

True amplitude 
OompaBs amplitude 

Yahiation 



sin i i 

cos 

sin 

When the amplitudes are both 

N. or both S. this is the diff. of 

the two, otherwise it is their sum ; 
* 

E. if the true amp. is to the right, 
and W. if to the left, of the com- 
pass amp. 



Examples for Exercise. 

1. Jan. 1, 1858, the rising amplitude of Spica, in latitude 
16° 21' S. true, was observed by compass to be E. 16° 3' N. : 
required the variation of the compass ? 

Ans. variation 26° 55' E. 

2. In latitude 21° 14' N. true, when the declination of the 
sun, reduced to the time at the ship, was 19° 18' 6" S., its 
rising amplitude was observed to be E. 35° 20' S. : required 
the variation of the compass ? 

Ans. variation 14° 34' W. 

3. March 11, 1858, at about 5 1 * 56 m a.m. apparent time, 
the sun’s rising amplitude was observed to be E. 6° 36' N. ; 
the true latitude of the ship was 10° 2' S., and her longitude 
by account 168° E. : required the variation of the compass ? 

Ans. variation 10° 38' E. 
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4. Nov. 15, 1858, at about 6 1 * 45 m p.m. mean time, the 
sun’s setting amplitude was W. 15° 4CK S. ; the true latitude 
of the ship was 31° 56' N., and her longitude by account 
75° 3 O' W. : required the variation of the compass ? 

Ans. variation 6° 27' ~W. 

5. Sept. 18, 1858, at about 5 h 50 m a.m. mean time, the 
sun’s rising amplitude was E. 12° 10' N. ; the true latitude 
was 47° 25' N., and the longitude by account 72° 15' W. : 
required the variation ? 

Ans. variation 9° 9'-a- E. 



Variation determined from the observed Azimuth of a celestial 

object. 

Azimuth like amplitude is an arc of the horizon : it is the 
measure of the angle at the zenith included between the 
meridian of the observer and the vertical through the object 
observed. In N. latitude the horizontal arc is here regarded 
as measured from the S. point of the horizon, and S. latitude 
from the N. point ; towards the E. if the altitude be in- 
creasing, and towards the W. if it be decreasing. 

In the diagram at page 172, let S' be the object : the arc of 
the horizon which measures the angle H Z S' is the true 
azimuth. To determine it, we have given the three sides of 
the oblique-angled spherical triangle Z S'P ; namely, the co- 
altitude P Z, the polar distance P S', and the co-altitude 
Z S' : the angle P Z S' may therefore be found by an opera- 
tion similar to that marked (5) at page 160 : the supplement 
of this angle is the true azimuth. As the operation referred 
to gives half the angle P Z S', or i Z, and that the supple- 
ment of Z is 2(90°— -J- Z), we have only to change sin in 
the final result to cos. 
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Examples. Variation of the Compass from an Azimuth. 

1. April 20, 1858, at about 9 h a.m. apparent time, '[the 
altitude of the sun’s lower limb was 36° 50', and his bear- 
ing or azimuth, by compass, at the same time, S. 31° E. 
The true latitude of the ship was 50° 12' N., and the 
longitude by account 13° W. : required the variation of the 
compass, the correction of the altitude for index and dip 
being —4/ 31"? 



1. For the Sun's polar distance at time of observation. 
Time at Ship, Ap. 19 . . 21 h 0 IU 

Long, in Time W. ... +52 

App. Time at G 21 52 



Declin. Noon, Ap. 19, 


11° 


10' 


15" 


•2 N. 


Diff. +51" -64 


Cor. for 22 h . . . , 


4 


- 18 


56 




22 


Deolinatiok . . 


. 11 


29 


11 


N. 


10328 




90 








1033 


Tolar distance P S' 


= 78 


30 


49 




6,0)113,6 1 



+ 18' 66" 



2. For the true co-altitude. 



Observed altitude L. L. 
Index and dip - 4' 31 '' 
Semidiameter + 15 57 
Apparent alt. of centre 
Refraction - Parallax 

True altitude . . 



36° 50' 0" 
11 26 



37 1 

-1 



26 

10 



37 0 16. -.Co-altitude ZS'=52° 59' 44" 



I 3 
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3. For the true Azimuth, and thence the Variation. 

Polar distance 78° 30' 50’ 

Co-altitude 62 59 40 Axith. Comp, sin 0’09768 

Co- latitude 39 48 0 Arith. Comp, sin 0 ’19376 



2)171 18 30 
£ sum ... 85 39 15 

i Bum -co-alt. 32 39 35 * sin 9 ’73211 

4sum-co-lat. 45 51 15 sin 9’85586 

2)19-87940 

4 Azimuth 29 30 0 .... . cos 9-93970 

2 



True Azimuth S. 59 0 E. The variation is E. or W., accord - 

Compass Azimuth S. 31 0 E. ing as the true azimuth is to the 

Variation . . 20° (7w. right or , left of the ^served azi- 

muth, just as in an amplitude. 

2. J une 9, 1858, at about 5 h 50 m a.m. apparent time, in lati- 
tude 50° 47' IST. true, and longitude 99° 45' W. by account, 
the bearing of the sun by compass was S. 92° 36' E., when 
the altitude of his lower limb wa3 18° 35' 20"; the index 
correction was + 3' 10", apd the height of the eye 19 feet : 
required the variation of the compass ? 



1. For the polar distance at time of observation. 



Time at Ship, June 8, ... 

Long, in Time W. . . . . 

App. Time at G., June 9, . . 



Declin. Noon, June 9, 


22° 


56' 


38" 


Cor. for 29 m . . . 






+ 6 


Declination 


22 


56 


44 




90 






Polar Distance 


67 


3 


16 



17 h SO” 
6 39 

0 29 



Diff. + 12’’08 
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2. For the true co- 


■altitude. 






Observed alt. L. L. . . . 


. . 18° 


35' 


20" 


Index and dip - 1' 7 * 1 




14 


40 


Semidiameter +15 47 I 




App. alt. of centre . . . 


. . 18 


50 


0 


Refraction - Parallax . . 


• • 


-2 


41 


True altitude . . 


. . 18 


47 


19 




90 






Co -ALTITUDE . . 


. . 71° 


12' 


41“ 



3. For the true azimuth and thence the variation. 



Polar distance . 


. 67° 


8' 


16" 






Co-altitude 


. 71 


12 


40 


Arith. Comp. 


sin 0-02378 


Co-latitude . . 


. 39 


13 


0 


Arith. Comp. 


sin 0-19911 




2)177 


28 


56 






i sum . . . 


. 88 


44 


28 






i sum - co-alt. 


. 17 


31 


48 




sin 9-47886 


i sum - co-lat. 


. 49 


31 


28 


• • • • • 


sin 9-88120 












2) 19-58295 


i Azimuth . 


. 51° 


46' 


50’ 

2 


4 


cos 9-79147 


True Azimuth S. 


. 103 


34 E. 






Compass Azimuth S. 92 


36 E. 






Variation . 


. 10 


58 W., 


the true azimuth being to the 

1 -1»A -f ll. . 1 



left of the observed. 



The computation marked (3) in each of these two examples 
has been conducted in imitation of that at page 160. But 
there is another form for finding an angle A, from the three 
sides a, b, c, of a spherical triangle, which is somewhat 
shorter than that above, namely, the form — 

cos | A = -/ Bing Binfr- a ) 
sin b sin c 

s being half the sum of the sides. If we call the altitude a, 
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the latitude 7, and the co-declination or polar distance p ; 

and put s for the I sum of these three, the formula, after an 

obvious transformation, will give — 

. / cos s cos (s-p) 

sm J Azimuth — v i — — 

cos a cos l 

The work of step (3) above, by this formula, is as follows : — 

Polar distance . . 67° 3' 16" 

Altitude ... 18 47 20 Arith. Comp, cos 0"02378 

Latitude ... 50 47 0 Arith. Comp, cos 0"19911 



2)136 37 36 

4 sum ... 63 18 48 cos 9 "56765 

£ sum- Polar dist. 1 15 32 cos 9 "99990 

2)19-79044 

l Azimuth ... 51 46 50 sin 9 "89522 



It is this method of working the step which we shall indicate 
in the following blank form : — 



Blank Form. Variation of the Compass from an Azimuth. 
[The azimuth is to be estimated from the S. in N. lat., 
and from the N. in S. lat. : towards the E. when the altitude 
is increasing, and towards the W. when it is decreasing.] 



1. For the declination. 
Timo at Ship . . ,m 

Long, in time . . . . 

Greenwich date . . . 

G. Noon Declin. . 

Diff. in l* .* 

No. of hours x . . 

Correction . . ." = . . . 

Declination 

90 

Polar Distance 



2. For the true altitude. 

Observed alt. (L. L. or U. L.) . . / , ." 

Index and dip 

Semi-diameter 

App. alt. of centre 

Retraction — Parallax 

True Altitude 

! Norn. When the object is a star, the decli- 
nation is got at onco from the Nautical Alma- 
nac ; and the altitude requires no correction 
for semidiameter and parallax. 

| 





| 



* The Greenwich date, mean time, may be obtained from the chro- 
nometer, properly corrected for gain or loss. 
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8. For the true Azimuth, and thence the Variation. 



Polar distance . .* . . . 

Altitude 

Latitude 

2 ) 

4 sum 

4 sum /v> Polar dist 

~ Azimuth 

2 

True Azimuth 

Compass Azimuth . . . . 

Variation . . 



Arith. Comp. cos 

Arith. Comp. cos 

cos 

cos 

• 2 ). 

sin 



CS* When the true azimuth is to 
the left of the compass azimuth, 
subtract ; when to the right, add. 



Note. — When the object observed is on the meridian, its 
bearing by compass will be the variation, which will be W. 
if the meridian be to the left of the compass bearing, and 
E. if it be to the right. 

Examples for Exercise. 

1. July 20, 1858, in latitude 21° 42' N. true, and longi- 

tude 62° E. by account, the sun’s observed azimuth was 
S. 100° 16' E., at 7 h 4 m a.m. apparent time ; the altitude of his 
lower limb was 23° 36', allowing for index error, and the 
height of the eye 24 feet : required the variation of the com- 
pass ? Ans. variation 3° 42' W. 

2. October 28, 1858, in latitude 36° 18' S. true, and longi- 

tude 15° 30' E. by account, the sun’s observed azimuth was 
N. 86° 34’ W., at about 6 h 30 m p.m. mean time ; the altitude 
of his lower limb was 12° 35', allowing for index error, and 
the height of the eye was 30 feet : required the variation of 
the compass ? Ans. variation 10° 36' W. 

3. November 3, 1858, in latitude 25° 32' N. true, and 
longitude 85° W. by account, the sun’s observed azimuth was 
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S. 58° 32' W., at about 4 h 15 m p.m. mean time ; the altitude 
of his lower limb was 15° 37', the index correction was 
+ 1' 20'', and the height of the eye 15 feet: required the 
variation of the compass ? Ans. variation 5° 26' E. 

4. May 21, 1858, in latitude 52° 12' N. true, the sun’s 
azimuth by compass was S. 82° 58' W., and the altitude of 
his lower limb was 23° 46'. The chronometer showed the 
Greenwich time of the observation to be I7 h 56 m 34 s , May 20. 
The index correction was +2' 30”, and the height of the eye 
12 feet : required the variation of the compass ? 

Ans. variation 9° 24' E. 

Note. — The object of the preceding articles on the varia- 
tion of the compass is to determine the angular departure of 
the N. point of the instrument from the true N. point of 
the horizon, at the time and under the circumstances in 
which the amplitude or azimuth is taken. If no provision 
have been made for neutralizing the influence of the ship 
itself on the needle, the variation thus determined will be 
compounded of variation proper and of the deviation from 
the position in which the needle would otherwise settle, 
caused by the local attraction. In iron ships this local at- 
traction is of course considerable, and it is a great deal 
influenced by the position in reference to the meridian in 
which the ship is built. To determine the extent to which 
the deviation affects the variation proper, experiments must 
be made before the ship proceeds to sea, by turning her head 
in different directions, and comparing her compass with 
another compass on shore. To free the variation from the 
local disturbances thus ascertained, artificial magnets, and 
small boxes of iron chain, are recommended by the Astro- 
nomer Eoyal to be employed in the manner directed by him 
in a pamphlet to be had of the publisher of the present 
treatise. An account of the necessary operations for Com- 
pass Correction will also be found in Mr. Grantham’s work 
on “ Iron Ship-Building,” before alluded to. 
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CHAPTER IY. 

ON FINDING THE TIME AT SEA. 

The determination of the time at sea is a problem of the 
first consequence. It is indispensably necessary to the dis- 
covery of the correct longitude, -which indeed is nothing 
more than the interval between the ship’s time and Green- 
wich time at the same instant, converted into degrees and 
minutes. As in most of the other problems of Nautical 
Astronomy, so here : — of the quantity sought we have 
generally some approximate value, more or less incorrect, 
and this is turned to account in the operation for finding 
the true value. At first sight the statement would appear 
contradictory, that erroneous data could aid in conducting 
to correct conclusions; but Nautical Astronomy abounds in 
instances where very material errors in the values with 
which we work have no practical influence upon the results 
arrived at. The reason is, that these erroneous values never 
enter directly into the mathematical portion of the inquiry : 
they merely serve the purpose of suggesting to us certain 
other quantities with which they are connected — which are 
actually employed in the computation — and which are such 
as to be incapable of error beyond a very limited extent. 
The ship’s longitude by account , and her estimated time, 
never enter into the trigonometrical calculation of any 
nautical problem, claiming accuracy of result: but for the 
preparatory reductions for the sun’s declination, or the 
equation of time, they may be used with every confidence ; 
and it is only for such like purposes that they are used. 
These quantities vary so little in a considerable interval of 
time, that an error in time of one hour — equivalent to an 
error of 15° of longitude — will not affect the sun’s de- 
clination to the extent of 1' ; and as to the equation of time, 
the error will not average 1". 
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Time deduced from an Altitude of the Sun. 

Referring to the diagram at page 172, if S be the place of 
the sun at the time of observation, there will be given in the 
spherical triangle P Z S, the co-latitude P Z, the co-altitude 
Z S, and the polar distance P S, to find the hour angle 
ZPS, which measures the apparent time from noon. 

As at page 179, putting a for the altitude of S, p for its 
polar distance, l for the latitude of Z, and s for the half sum 
of all three, we shall have for the hour angle P. 



Bin ^ P= v'- 



co s s sin (s - q) 
sin p cos l 



which is derived from the formula following (Spherical Trig. 

p. 18) 

sin 4 A = V 8U1 Bip 

sin b sin c 

by obvious substitutions. 

The hour angle P being thus found, and converted into 
time, we shall have the apparent time at the ship ; and by 
applying the equation of time, shall thence get the mean 
time at the ship, as in the examples following. 

Note. — It will prevent confusion, and consequently all 
liability to mistake, if the time at a place at any instant 
be always measured from the noon at the place preceding 
that instant ; that is, if it be always converted into time 
p.m. Thus, lO 11 20 m a.m. in civil reckoning, means 
10 h 20 m past the preceding midnight : it is better to regard 
it as 22 h 20 m past the preceding noon, pushing the date one 
day back, so that 10 h 20 m a.m. Jan. 4, is the same as 22 h 20“ 
Jan. 3. 



Examples. Time from an Altitude of the San. 

1. In latitude 50° 30' N. true, and longitude 110° W. by 
account, the mean of a set of altitudes of the sun’s lower 
limb was 11° 0' 50", the mean of the corresponding times 
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“by the watch was 4 h 45 m p.m., the index correction was 
—3' 20", and the height of the eye 20 feet: required^ the 
mean time at the ship, and the error of the watch ? 

From the Nautical Almanac at Gh noon. 

Sun’s Declin.0°6' 56" S. Diff. in l h , -f-58"^-. Equa. of Time, 
7 ra 42 s . Diif. +0"*858. Semi-diameter, 15' 58". 



1. For the true altitude a, and polar distance p. 



Obs. alt. 


11° 0' 


50" 


Index and dip 


- 7' 44" 1 




Semidiam. 


+ 15 58 J 


14 


App. alt. centre 


.... 11 9 


4 


Ref. - Parallax 


-4 


39 


True alt. centre 


11 4 


25 


Equa. of time * 


7 m 42* Diff. in l h , 


”858" 


Cor. for 12 h . . 


+ 10 


12 


Equa. op Time 


7“ 52* 


10-296 


Time per watch 


4 1 * 45 m 0* p. m. 




Long. 110 W. + 7 20 




Mean time at G. 


12 5 nearly. 




Noon Declin. at G. 0“ 


6' 56” S. Diff. ini 1 *, 


, +58"4 


Cor. for 12 h 5 m . . +11 47 


12A 


Declination . 0 


18 43 S 


702 


90 




5 


Polar distance 90 


18 43 


6,0)70.7" 



11' 47" 



* This is taken from page I of the month in the Nautical Almanac : 
there mil be no sensible error in regarding the time as apparent instead of 
mean. The Almanac itself directs whether the reduced equation is to be 
added to or subtracted from the apparent time at the ship. 
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2. For the mean lime at the ship, and error of the watch. 



Altitude . . 11° 


4' 


25" 




Latitude . . 50 


30 


0 


Arith. Comp, cos 0’196489 


Polar distance 90 


18 


43* 


Arith. Comp, sin 0 ’000006 


2)161 


53 


8 




4 sum . . 75 


56 


34 


. . . cos 9’385411 


4 sum - alt. 64 


52 


9 


. . . sin 9'956812 

2)19-538718 


4 Hour angle 36° 


0' 


48" 

2 


. . . sin 9 ’769359 


Hour angle = 72 


1 


36 




In Time = 4 h 


48” 


6’ 


Apparent time at ship 


Equation of time 


-7 


52 




4» 


40” 


14* 


Mean time at ship. 


4 


45 


0 


Mean time per watch. 


0 h 


4” 


46* 


Watch fast for mean time at ship. 



The student will readily perceive the object of finding the 
error of the watch. The watch being assumed to be a suffi- 
ciently good one to be depended upon for regularity during 
the short time occupied in performing the foregoing calcula- 
tion, when the operation is finished the watch — making the 
proper allowance for the error — will still show what the time 
is at the place where the observation was made : comparing 
it, therefore, now with the chronometer — which is never 
disturbed from its situation — we shall at once see by how 
much it differed from the time at the place of observation, at 
the instant that observation was made; that is, we Bhall get 
what is called the error of the chronometer on mean time at 
the place. A memorandum being made of this error, so that 
we may always be able to allow for it when consulting the 

* The sine of this is cos 18' 43". And whenever the polar distance 
exceeds 90°, instead of the sine of it we may alwayB take the cosine of the 
excess, and thus avoid the trouble of subtracting from 1 80°. 
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chronometer, we may at any future instant learn the time 
at that instant, at the place left, — provided, at least, the 
chronometer can be depended upon for regularity during 
the interval. Hence, by again finding the mean time at 
ship, and as before the error of the chronometer on that 
time, the difference of the errors will be the difference of 
longitude in time between the two situations of the ship. 
But we must defer further remarks on this subject till next 
article. 

Since the determination of the time at sea requires that 
the altitude of the object observed should be taken with 
more than ordinary accuracy, a single observation for this 
purpose is seldom considered as sufficient ; it is, therefore, 
usual to take a set of altitudes, and to employ the mean of 
the whole, taking the mean of the corresponding times by 
watch as the estimated time, as in the following example. 

2. August 16, 1858, the following observations were 
taken in latitude 36° 30' N. true, and longitude 153° E. by 
account : the index correction was — 3' 5", and the height of 
the eye 27 feet : required the mean time at the ship, and 
the error of the watch P 

Times per Watch. Alts. Sun's L. L. 



4 h 40 m 


0* P.M. 


24° 


18' 


41 


10 


24 


2 


42 


5 


23 


—■‘i 

OO 


43 


0 


23 


36 


44 


17 


23 


194 


5)210 


32 


5)119 


4 


4 42 


6 . . Means 


. . 23 


44 



We are to proceed as if the observed altitude of the sun’s 
lower limb were 23° 44' 48", and the corresponding time 
per watch 4 h 42 m 6® p.m. 
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1. For the true altitude and polar distance. 



Obs. alt L. L. 


• 


• 


23° 


44' 48" 


Index and Dip. - 8' 


12" 


1 






Semi -diameter +15 


50 


I 


• + 


00 

CO 


App. alt. centre 


• 




23 


52 26 


Ref. — Parallax 


• 


• 


• 


-2 2 


True alt. centre 


• 


• 


23 


50 24 


Equa. of Time 


4 m 


17 J 


Diff. - 


•49 


Cor. for 18 hours 




-9 




81 










49 


. 








39 


EquA. oe Time 


4 


8 


Add . 


8-8 


Time per Watch, Aug. 16 


4 h 


42“ 6* p.m. 




Long. 153° E. 


-10 


12 


0 




M. Time at G.. Aug. 15* 


18 


30 


nearly 




Noondeclin. at G. 


14° 


5' 


13" N. 


Diff. -47" -13 










814 










4713 


Cor. for 18J hours 




-14 


32 


3770 


Declination 


13 


50 


41 


236 




90 






6,0)87,1 ’9 


Polar distance 


76 


9 


19 


-14' 32" 



* Agreeably to what is recommended in the Note at p. 184, the time at 
Greenwich, at the instant of observation, is measured from the Greenwich 
noon preceding that instant, 24 h being tacitly added to the time per watch, 
to bring this about, and the date therefore put one day back. This is the 
same as if we had actually subtracted the longitude in time from the time 
per watch, getting for remainder (neglecting the 6*) - 5 h 30 m ; that is, 
5 h 30 m preceding the noon of Aug. 16, which is the same as IS 11 30 m after 
the noon of Aug. 15. 



i 
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2. For mean time at ship and error of the watch. 



Altitude . . 


23“ 


60' 


24 '' 




Latitude . . 


36 


30 


0 


Arith. Comp, cos 0 '094837 


Polar distance 


76 


9 


20 


Arith. Comp, sin 0 '012804 


2)136 


29 


44 




4 sum 


68 


14 


52 


. . . cos 9 '668911 


A sum - alt. 


44 


24 


28 


. . . sin 9'844949 


- 




• 




2)19-621501 


.} Hour angle 


35° 


12' 

2 


1" 


. sin 9-760750 


.'. Hour angle = 


= 70 


24 






In Time = 


= 4*" 


41“ 


36* 


Apparent time at «hip. 


Equation of time 




+ 4 


8 






4 


~45 


~U 


Mean time at ship. 




4 


42 


6 


Mean time per watch. 




0* 


3iu 


38* 


Watch tlmo for mean time at ship. 



It may be remarked here that an. error of a few seconds in 
the polar distance — which, of course, is to be expected 
— since the estimated time and estimated longitude are 
both to some extent incorrect, will make no appreciable 
difference in the value of the hour-angle deduced. The 
polar distance is always a large arc — never much less 
than 67°, and for large arcs the tabular differences of the 
sines are always Bmall. Whatever error there may be in the 
polar distance, there will be half that error in the i sum, 
and in the ^ sum — alt. ; but as the logs connected with 
these are log cos and log sin, their errors oppose ,one 
another. [See, however, the remarks at page 190.] It ap- 
pears, from the Hourly Diff. in the declination, that if the 
combined errors of the time and longitude in the foregoing 
example amounted to so much as l h of time, or 15° of 
longitude, the error in the polar distance would be 47*. 
Suppose, for greater convenience of calculation, we assume 
the error to be 44*, and let us see what effect such an 
error would have upon the resulting time at the ship. 
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Altitude . . 


23° 


50' 


24 '' 




Latitude . . 


36 


30 


0 


Aritb. comp, cos 0-094837 


Polar distance 


76 


8 


36 


Aritb. comp, sin 0-012826 


2)136 


29 


0 




£ sum . . 


68 


14 


30 


. . . cos 9 "56901 4 


£ sum — alt . 


44 


24 


6 


. sin 9-844902 
2)19-521579 


£ Hour aDgle 


35° 


12' 


14" 

2 


. , . sin 9-760789 


/. Hour angle 


= 70 


24 


28 




In time 


= ~4^ 


41 m 


CO 

co 

• 1 


Apparent time at ship. 



Consequently, there is only 2* difference in the ship’s time, 
although the estimated time from which, with the longitude, 
it has been derived, may have been three quarters of an hour 
wrong, and the longitude nearly 3° in error, both errors 
being supposed to conspire. The watch is, therefore, 
0 h 3 m 40 s slow. Should it happen that the estimated time 
is so far wrong as to differ from the time deduced as above 
by so many minutes as to cause the change of declination, 
due to those minutes, to amount to several seconds — which 
may be ascertained by glancing at the “ Diff. for l h ,” it 
will be prudent to re-calculate the declination and hour 
angle with the corrected time: the second result will, of 
course, be more correct, and may be depended upon to within 
a second or two, even if the longitude by account be so 
much as 4° or 5° in error, provided, that is, that the latitude 
be correct, and that the altitudes have been taken with care. 

[fhe student is not to suppose that, when his computed 
time differs considerably from that by watch, that his result 
is therefore the less to be depended upon, or that the 
necessity for repeating the calculation is, on that account, 
the more imperative. In certain positions of the sun on the 
ecliptic, the error of the watch may amount to so much as 
an hour or two, and yet a repetition of the process, for 
further correcting the time, may be unnecessary : while in 
certain other positions of the sun it may be prudent to 
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repeat the work, though the error of the watch amount to 
but 10 or 12 minutes. By comparing the Hourly Differences 
of Declination for the months of J une and December, with 
those for March and September, the reason of this will at 
once be seen : — it must be remembered that a repetition of 
the work can correct the first result only when the error in 
declination, due to the error in the time, is of sufficient 
amount to affect sensibly the logarithmic calculation. The 
circumstances the most unfavourable for strict accuracy 
are those where the \ sum, in the above operation, differs 
but little, 3° or 4°, from 90°, and at the same time the 
“ Diff. for l 1 *” is at all considerable, as in the instance next 
following. 

Note. In repeating the operation, it will be noticed 
that all we have to do is to apply the correction to the polar 
distance, and half that correction to the £ sum, and also to 
the £ sum — alt. ; and then to take out the sines and 
cosines ; or, which is better, to proceed in the manner to be 
presently noticed. 

3. The mean time used in computing the declination 
was l h 40 m , the declination found was 1° 36' 30* S., the 
altitude was 50' 48* N., the true altitude 29° 38' 26*, and 
the equation of time 8 m 45»*7 subtractive from apparent 
time : required the error of the watch ? 



Altitude . . 


29* 


38' 


26’ 




Latitude . . 


50 


48 


0 


Arith. comp, cos 0 ‘199263 


Polar distance 


91 


36 


30 


Arith. comp, sin 0-000171 


2)172 


2 


56 




4 sum . . 


86 


1 


28 


. . . cos 8-840927 


| sum - alt. 


56 


23 


2 


. . .sin 9-920523 










2)18-960884 


4 Hour angle 


17 


35 


454 

2 


. . . sin 9-480442 


Hour angle 


35 


11 


31 




In time 


2» 


20” 


46* 


Apparent time at ship. 


Equa. of time 




-8 


46 




/.Mean time at ship = 


2 


12 


0 


Error of Watch = 32”. 
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Suppose, now, that this error gives a correction of + 22* in 
the polar dist-, then, applying this correction as recom- 



mended above, we 


have 


— 














0-1992*63 


Polar distance 


91° 


36' 


52" 


Arith. Comp, sin 0-000172 


4 sum . . 


86 


1 


39 


. . • cos 8 '840593 


4 sum — alt. 


56 


23 


13 


. . . sin 9 920538 










2)18-960566 


4 Hour angle 


17 


35 


214 


. . . sin 9'4S02S3 



2 



Hour angle = 35 10 43 = 2 s 20“ 43* in time. 



As this is 3* less than the apparent time before deduced, 
it follows that the error of the watch is 31 m 57 s . 

We take this opportunity of showing the practical advan- 
tage of using the logarithmic tables as recommended in the 
foot-note at p. 142. Disregarding the seconds in the several 
arcs, w r e shall take out the several logarithmic values to the 
degrees and minutes only, writing against each the tabular 
difference to 100" : we shall then multiply each difference 
by the number of seconds which has been reserved, cutting 
off two figures from the right of the product for the division 
by 100, and shall then incorporate the aggregate of these 
quotients, previously marked + or — as directed in the 
foot note, with the sum of the logs extracted. In repeating 
the operation, we merely have to increase three arcs by 22*, 
11", and 11" respectively : we shall therefore have only to 
multiply the differences against the arcs by these numbers 
in order, cutting off two figures as before. If the cutting 
off be postponed till the sum of the products is found, strict 
accuracy will be secured to the final figure of the result ; and 
this is the plan we shall adopt in what follows. 
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The time consumed in performing the necessary work in 
this way, is scarcely half that occupied by the operations 
before given, more rigid accuracy is in general also secured, 
the process can much more readily be revised if error be 
suspected, and after the first set of references to the table, 
no further references are necessary. There can be no hesi- 

* 
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tation about the proper sign to be written against the tabu- 
lar difference : every sine is +, and every cosine is — ; but 
complements always require a change of the sign that other- 
wise would be written. It will be remembered in the above 
that it was not the sine of 91° 36' that was taken from the 
table, but the cosine of 1° 36' ; so that the tabular difference 
6 would have been marked — , only it is the complement of 
that cosine which is written down. It need scarcely be 
remarked that when seconds are to be subtracted from the 
arcs, the signs are opposite to those which would be annexed 
if the seconds were to be added. We shall now give the 
blank form for computing the hour-angle, and for correcting 
the first result in the manner here explained. 



Blank Form. Time at Ship from the Latitude and Sun’s 

Altitude. 

1. For the true altitude, pdar distance, and equation of time. 

Obs. alt. . .‘ 



Index and Dip . 
Semi-diam. . . 
App. alt. centre 
Ref. — Parallax 

True alt. centre 

Equa. of Time . . 
Cor. for the hours 

Equa, or Time . . 



Diff. 



hours 
» Cor.* 



Time per watch 
Long, in time 

Mean Time at G. 

Noon Declin. at G. 

Cor. for hours past noon 

Declination 
Polak Distance 



90 



nearly. 



Diff. 



x . . hours 



60 ) ’ 



. .' . ." Cor. 



* The Nautical Aim. directs whether the equa. of time is additive or 
subtractive. 
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2. For the mean time at ship, and error of the watch. 



Alt. 


[Seconds merited.] Biff. Pts. for sees. 


Tolar dist 


Comp, sin . . 


* 


2) 








COS . . 




^ sum — alt 


sin . 










Correction for seconds 






2). 




i hour angle 


sin . 


+t=D 


2 






Hour angle= 


. . h . .™ . 


.* Apparent time. 


Equa. of Time 


. . . 


• 







. Mean time at ship. 

. Mean time per watch. 



w . , l fast ) for M. time at 

Watch } slow I ship. 

Cor. of this time . . (See extra work below.) 

True error of the watch. 



[Extra work for correcting the first result.'] 
Secs, of cor. Pts. far the secs. 



D) (.." = Cor. of former 

hour angle = . .■ in time. 

* If the polar distance exceed 90°, the comp, cos of the excess is to be 
taken, in which case this sign will be plus. 

+ This difference is to be taken out of the Table at the same time as the 
4 hour angle. 

K 2 
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Note. — In taking an altitude, for the purposes of the 
present problem, it is desirable that the object should be 
as nearly due E. or due W. as possible, because in that 
situation, a small error in the altitude will have the least 
influence on the time: the nearer the object is to the 
meridian, when between it and the prime vertical, the less 
favourable is the observation to accuracy in the deduced 
hour-angle. When, however, the place is between the 
tropics, and the declination of the same name as the lati- 
tude, the proximity of the sun to the meridian will not be 
an objection : since under these circumstances, his motion 
in altitude is sufficiently rapid for a good observation at 
any point of his course. 



Time deduced from an Altitude of a Star. 

When instead of the sun, the object observed is a star, 
though the trigonometrical computation for finding the 
hour-angle remains the same, solne of the preparatory work, 
in step (1) of the foregoing form, is different. The deter- 
mination of the sun’s hour-angle gave us at once the 
apparent time: but a star’s hour-angle alone can give us 
no information as to the time of observation ; yet if the 
star’s Bight Ascension be also known, then, combining this 
with the hour-angle, either by addition or subtraction, we 
shall know the B. A. of the meridian ; and then again sub- 
tracting from this the E. A. of the sun, we shall finally obtain 
the sun's hour-angle, and thence the time at the ship when 
the star was observed. [See Note, p. 197.] 

The star’s E. A. at the time of observation, and the mean 
sun’s E. A. at Greenwich noon, are both given in the 
Nautical Almanac ; and therefore the latter being reduced 
to the Greenwich time of observation, we shall have 'the 
E. A. of each object at the same instant; and as just 
explained, the star’s hour-angle at that instant being found. 
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we shall have the R. A. of the mean sun and of the meri- 
dian of the ship at the same instant, and therefore the mean 
time. A single example will sufficiently illustrate what is 
here said. 

Note. — Right ascension, be it remembered, is measured 
from W. to E., or from the first point of Aries easterly 
from 0° up to 360°, that is, in a direction contrary to the 
apparent diurnal rotation of the heavens : when therefore 
a star is to the W. of the meridian, its hour-angle must be 
added to its R. A. to get the R. A. of the meridian; and 
when it is to the E., its hour-angle must be subtracted. 
"With regard to the sun, whether it be W. or E. of the meri- 
dian, its R. A. , subtracted from the R. A. of the meridian, 
will give the sun’s hour-angle from preceding noon. 

The student must especially remember, that whenever we 
speak of one R. A. as being subtracted from another, with 
a view to obtaining a third R. A., it is always tacitly sup- 
posed that 24 h is added to the second when the first is 
greater than it. And whenever one R. A. is to be added to 
another to get a third, 24 h is always suppressed from the 
sum if it exceed that quantity. It is plain that there is no 
displacement of a celestial object by increasing its R. A. by 
24* 1 , or by 360° if the R. A. be expressed in angular measure. 

The hour-angle of a star, or planet, or of the moon, is its 
least angular distance from the meridian, whether the object 
be to the W. or E. ; but the hour-angle of the sun is usually 
measured westward , that is, from the preceding noon. 



Example. Time from an Altitude of a Star. 

April 22, 1858, in true latitude 42° 12' N. and longitude 
by account 44° 3<y E. when the mean time per watch was 
8 h 2 m p. M. the observed altitude of the star Arcturus, east- 
ward of the meridian was 73° 48' in artificial horizon : the 
error of the instrument was + 7' 34": required the error 
of the watch ? 
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1. For the true altitude, the polar distance, and the if. A. of mean sun.* 

Observed Alt. .... 73° 48' 0" 

Index cor. . . . . . + 7 84 



Apparent alt. 
Refraction 

Tkue Alt. 



2)73_55 34 

. 36° 57' 47" 
• — 1/ 17" 

. 36° 56' 30" 



Not*. — When the artificial horizon is nsed, there is no correction for Dip. 
The index correction being applied, the result is twice the app. alt. 



Time per watch . . 8 h 2“ 0* 

Long. 44°4 E. in time . 2 58 0 

Mean Time at G. 6 4 0 nearly. 



R. A. mean sun at G,, noon . . . 2 h l m 0“51 

Diff. for 1\ + 9« 86 .-. for 6 h . . 4- 59 1 6 

R A. MEAN SUN AT TIME OF OBS. . . 2 2 0 

Star’s R. A. 14 k 9-» 14‘, Declin. 19° 55' 6" N. 

90 

POLAE DISTANCE = 70 4 54 



2. For the mean time at the place, and error of the watch. 



Altitude 


38" 


50' 


30'' 




Tab. Diff. 


Parts. 


Latitude 


42 


12 


0 


Comp cos 0 P 130296 . 


. . 191 + 


0 


Polar dist. 


70 


4 


54 


Comp, sin 04126831 . 


. . 76— 


4104 




2)149 


13 


24 








sum 


74 


36 


42 


. . . cos 9 424156. 


. . 765 — 


32130 


i sum — alt. 


37 


40 


12 


. . . sin 0 7 *6089 . 


..273 + 


3276 










19-867872 


— 


■329,58 Cor. for secs. 










— 330 














2)19 367042 






1 Hour angle 


28 


51 


2 

«> 


. . .sin 9683521 . . 


, . 382 + 




.*. Hour angle 57 


42 


4: 


= S b 50™ 48* in Time E. of Meridian. 



Star’s R. A. 


14 


9 


14 


R. A. of Meridian 


10 


18 


26 


R. A. of mean sun 


2 


2 


0 


Mean time at place 


8 


16 


2G 


Mean timo per Watch 8 


2 


0 






14 


26 Watch slow on moan time at place. 



* The R. A. of the mean sun, at mean noon at Greenwich, is given at 
page II of the Nautical Almanac, under the head of “Sidereal Time.' ’ 
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111 this additional time the R. A. of the mean sun would 
be increased by about 2 s , as appears by referring to the 
“ Diff. for l h .” Hence the error of the watch is 14“ 24 s . * 
In the following blank form we shall provide for the inser- 
tion in step 2 of the tabular differences, as in the above 
example. But since a star’s declination is constant for a 
considerable interval of time, there will be no correction 
required for change of polar distance ; a correction, how- 
ever, for change in the mean sun’s R. A. may be necessary, 
as in the preceding example. 



Blank Robm. Time at Ship from the Latitude , and a 
Star's Altitude. 



1. For the true altitude, the polar distance, and the if. A. of mean sun. 



Obs. Alt ." 

In. and Dip . .’ . ) 

Refrac. — . ... 1 

True Alt. 

Note. — When the altitude is 
taken in the artificial horizon, 
there is no correction lor Dip. 
The index correction being 
made, the result is twice the 
apparent altitude. 



Time per watch . . k . .•> . .* 

Long, in timo 

Mean timo at G. nearly. 

R. A. of m. sun at G. noon Diff. +9* 86 

Cor. for time after G. noon + . . . . Time x . . 

It. A. OF It. SUN AT T. OF OB 



Cor. * 

Star’s B. A. Decliu. . .' . . ." (Naut. 

90 Aim.) 



Star’s polar distance 



The mean sun’s daily advance in R. A. is uniformly 3“ 56*‘ 55. . . ; conse- 
quently his hourly increase in R. A. is 9*’86. 

In the next step, if the polar distance exceed 90°, the 
comp, cos of the excess is to be taken, when the sign annexed 
to the “Diff.” will be +. 



* The additional correction of the time here noticed is improperly 
omitted in most books on Nautical Astronomy. For the purpose of 
determining the longitude of the ship, it is of the first importance that the 
ship’s time should be obtained with all possible accuracy. In the above 
example, the corrected mean time at the ship is 8 k IS* 24*. 
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2. For the mean time at the ship, and error of the watch. 



Altitude 
latitude 
Polar dist. 



Comp, cos 
Comp. Bin 



i Bum cos 

£ sum — alt. siu 



Tab. Biff. Pit. for Sect. 
+ 



+ 



Cor for seconds 



i Hour angle 

o 

.'. Hour angle 

R. A. of Star 



V- 



sin 



. .• in Time 



+ 

E. } of Meridian. IfE. 
W. i subtract: if W. add. 



It A. of Meridian 

B. A. of Mean Sun (Subtract.) 

Mean time at 8hip 

Mean time per Watch 

Error of Watch 



Note. — The error in the sun’s E. A., due to this error 
in the time per watch, may now be allowed for, and the 
watch still further slightly corrected. 

In this and the preceding problem, the latitude is assumed 
to be correct ; but, in general, the error of a mile or so in 
this datum will have but very little influence on the time. 
We shall, by way of illustration, suppose the latitude in the 
example solved above to be 1' below the truth, and examine 
into the effect of this error on the time. The tabular 
differences, already before us, will enable us to do this with 
but little trouble, as in the margin. 

We are to conceive 60" added to the 
latitude, and therefore 30 B to the ■} 
sum, and also 30" to the £ sum — alt., 
and to find the “ parts” for these addi- 
tional seconds, just as the parts were 
found for the seconds before. It ap- 
pears from the result, that 17 is to be 



Tab. I> iff. Parts. 

191 + 11460 

765 — 22950 

273 + 8190 

2) — 33.00 

Cor. = — 17 
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subtracted from 9 - 683521, thus reducing it to 9 683504 = 
sin 28° 50' 68V. hour-angle = 57° 41' 56" = 3 h 50“ 48 s in 
time, within about a quarter of a second. The tabular 
difference 382, against sin 28° 51' 2", enables us to get the 
correction for seconds due to the difference — 17, at once 
thus — 1700 -j- 382 = — ■ 4, the number of seconds to be 
subtracted from 28° 51' 2". If the latitude had been 60" 
too great, then the signs of the “parts” in the margin 
would all be changed 1700 — 382 = 4 = the number of 
seconds to be added to 28° 51' 2" ; that is, the i hour-angle 
would have been 28° 51' 6”, and the hour-angle, 57° 42' 12"> 
which in time, is 3 h 50“ 49 8 . 

If the latitude be assumed to be 2' below the truth, then 
each of the parts should be doubled, and half the sum 
taken: but this half Bum is obviously the same as the 
whole sum — 33 00 above, hence — 3300 -f- 382 = 9 = the 
number of seconds of correction of the £ hour-angle, which 
angle is therefore 28° 50' 53", and consequently the hour 
angle is 57° 41' 46" = 3 h 50“ 47 8 in time. Without cor- 
recting the time in this way, through the correction of the 
hour-angle, we may at once apply to the former the correc- 
tion for the seconds of arc in time : thus 18" = 1*£ of time ; 
but as fractions of a second of time are disregarded, as well 
in the original result, as in the correction of it, the corrected 
time might on this account still err by nearly a second. 

It is easy to see, from what has now been said, how 
readily the navigator may form an accurate estimate of his 
error in the time, arising from a small error in the latitude 
from which it has been deduced. But if the error of lati- 
tude amount to several minutes, the correction for the time 
found in this manner will be only approximative since the 
tabular differences are not constant from minute to minute. 
If instead of the latitude, it be the altitude that is supposed 
to involve a small error, the correction of the time due to 
that error may be found in a similar manner, but with even 
less trouble, because the only arcs affected by the error will 

k 3 
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be the i sum, and the i sum — alt. Thus, if the altitude 
be increased by 1', the ^ sum will be 
increased by 30", and the J sum — alt. 
will be diminished by 30", so that the 
correction will be found as in the 
margin : and — 15600 -j* 382 = — 41" 
= 3* in time nearly, so that a small 
error in the altitude will have a much greater effect upon 
the time than an equal error in the latitude : but in both 
cases it appears that an error in excess (not exceeding 2') 
will produce about the same error on the time as an equal 
error in defect, the errors in the time having opposite signs. 
Beyond 2' of error, whether in the latitude or in the alti- 
tude, the correction of the time must be regarded as only 
approximative. * 



Tab. Diff. Paris. 

765— 22950 

273— 8190 

2)311,40 

Cor. = —156 



Examples for Exercise. 

1. March 15, 1858, the mean of a set of altitudes of the 

sun’s L. L., in lat. 16° 28' 30" N., and long. 99° 30' W., by 
account, was 10° 36' 20", the mean of the corresponding 
times per watch was 6 h 45“ a.m., the index correction of 
the sextant was — 2' 30", and the height of the eye 22 feet: 
required the mean time at the ship, and the error of the 
watch ? Ans. mean time at ship 6 h 56 m 14» ; 

error of watch 11“ 14» slow. 

2. April 26, 1858, in lat.29° 47' 45" i>.,and long, by account 
31° 7' E., the mean of a set of altitudes of the star Altair 
was 25° 14' 20" to the E. of N., the mean of the times per 
watch was 2 h 12 m 30 s a.m., the index correction was -f- 10", 
and the height of the eye 20 feet : required the mean time at 
the ship and the error of the watch ? 

Ans. mean time at ship l h 51 m error of watch 21“ 30 s fast. 

Note. — In a similar manner may the time be deduced 
from an altitude of a plauet ; the only difference being that, 
as in the case of the sun, the observed altitude is to be cor- 
rected for parallax and semi-diameter as well as for refraction. 
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CHAPTER V. 

OK EINDING THE ERROR AND BATE OF THE CHRONOMETER. 

Ik the preceding chapter we have discussed at some 
length the interesting problem of determining tbe time at 
sea, and thence the error of the watch. If the time thus 
determined be compared with the time shown by the chrono- 
meter, we shall in like manner, by taking the difference of 
the two times, find the error of the chronometer on mean 
time at the place of observation. It is still more important, 
however, to know the error of the chronometer on mean 
time at Greenwich; and this may be easily ascertained pro- 
vided the longitude of the place of observation be pretty 
accurately known ; for, as already seen, if the mean time at 
the place and the longitude of that place be both known, the 
exact time at Greenwich is very readily obtained, and the 
difference between this time and that shown by the chrono- 
meter is the error on Greenwich mean time. 

All chronometers have an error : this is always accurately 
determined, usually at an observatory — where a memorandum 
is kept of its performance as a time-keeper. The purchaser 
always receives a certificate stating how much the chrono- 
meter was too fast or too slow, for mean time at Greenwich, 
at the Greenwich mean noon at a specified date ; and also 
how much it gains or loses, on the average, in 21 hours of 
mean time — that is to say, its daily rate. 

The chronometer, accompanied with the proper certificate 
of its error and daily rate, is takeD to sea, and after any 
interval of time, its daily rate being multiplied by the 
number of days elapsed and the product — called tho accu- 
mulated rate — being combined with the original error, we 
are enabled to apply the proper correction to the time 
actually indicated by the chronometer, and thus to ascertain 
the mean time at Greenwich. 



/ 
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For example: Suppose on August 21, in longitude by 
account 38° 45' W., when the mean time at the ship, as 
found by the method explained in last chapter, was 7 h 24'” 
p.M., that the chronometer showed 10 h 2 m 34 s , and that 
the following certificate from the Greenwich Observatory 
stated — 



Aug. 1, Mean Noon at G. 


Daily Bate. 


Error of Chron. 2“ 4* -75 Fast 


2‘-6 Gaining. 


Required the mean time at Greenwich corresponding to the 
mean time at ship ? 


Time at Ship Aug. 21 . 


71 * 24“ P. M. 


Long. 88 * 45' W. in time 


• • 2 35 


Time at G. Aug. 21 


9 59 


From Aug. 1 to Aug. 21, at 9 h 59 m 


= 20J 9 h 59“, or 20 d 10 h = 20 d £ 


Correction for Daily rate . 


— 2*-6 
20 


For Accumulation in 20 d . 


52 


in£ . 


1-08 


For Accumulated rate 


— 58-08 


For original error . 


. — 2 “ 4* "75 


Whole correction 


— 2 57-88 


Chronometer showed 


. 10>* 2” 34’ 


Mean Time at G. . 


. 9 h 59“ 36‘ 



Hence, assuming the mean time at ship to have been cor- 
rectly determined, and the chronometer to have maintained 
its rate, the longitude by account is 36 s of time in error — 
that is, it is 9' too little ; so that the corrected longitude is 
38° 54' W. The whole correction of the chronometer for 
the 20 days elapsed, that is, up to mean noon of Aug. 21 
at Greenwich, being 2 m 4 S 75 + 52* subtractive, we may 
henceforth employ the following memorandum — 
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Aug. 21, Mean Noon at G. Daily Hate. 

Error of Chron. 2 m 56* - 75 Past 2 ,- 6 Gaining. 

But, although implicit confidence may be placed in the 
original correction, yet we have no security that the daily 
rate may not have changed. It is of importance, therefore, 
from time to time to examine into thiB matter, and instead 
of taking the invariability of the original rate for granted, to 
ascertain the rate at subsequent periods anew. In order to 
do this efficiently, the navigator must wait till his ship 
arrives at some port or harbour, where it can remain for 
several days.* If the place have the advantage of an 
Observatory, the mean time there can always be obtained ; 
if not, the mean time must be found by the methods 
explained in the last chapter, using the artificial horizon for 
taking the altitudes ashore, or else in the way hereafter 
directed. The mean time at the place, upon comparison 
with the mean time at the same instant as shown by the 
chronometer, will give the error of the chronometer on mean 
time at that place. A few days after this set of observations 
for the mean time let another set be taken, and the mean 
time again determined, and compared with that shown by 
the chronometer: the error of the chronometer on mean time 
at the place will be again ascertained ; the difference between 
the two errors (or their sum, if of contrary names) will show- 
how much the time-keeper has gained or lost in the interval 
between the two times of observation ; from which we can 
readily find, by proportion, what has been its average gain 
or loss in 24 hours of that interval — that is, its daily rate. 

Similar observations should be made at intervals as long 

* The next best method to this, is to compare the Greenwich time, as 
shown by the chronometer, with the Greenwich time as determined by 
Lnnar observations ; to be discussed in next chapter. The difference of the 
times will show the error of the chronometer on Greenwich mean time ; and 
subsequent observations being taken, and the difference of the times found 
in like manner, the daily rate of the chronometer, in the interval of time 
elapsed, may be inferred. 
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as the ship remains at the place ; and it is probable that 
different daily rates will thus be deduced : it is the mean or 
average of all these which must be regarded as the daily rate 
of the chronometer ; and on the day of the ship’s departure 
a fresh memorandum is to be made of the error of the 
chronometer on Greenwich mean time, at the corresponding 
Greenwich date, and of the daily rate thus determined. 

Whenever an astronomical clock can be referred to, the 
necessity for taking observations for the mean time at the 
place will of course be superseded : a daily comparison of 
the chronometer with the mean-time clock will show the 
daily rate of the former, which, if not uniform, will enable 
us to determine the mean daily rate ; or the comparison may 
be made at equal intervals of two or three days. 

The chronometer itself is not to be carried ashore for the 
purpose of comparison : a good seconds watch is to perform 
this office for it. 

The following, from Woodhouse’s Astronomy, p. 804, will 



serve as an 


illustration 


: the place 


is 


Cadiz : — 




Days. 


Times of mean Noon. Chron. too slow. 


Differences. 


Sept. 8 


llh 54 « 


18-18 


5“ 


41-82 




11 


54 


30-82 


5 


29-18 


— 12-64 


15 


54 


46-93 


5 


13-07 


16-11 


18 


54 


59-46 


5 


0-54 


12-53 


21 


55 


11-97 


4 


48-03 


12-51 


24 


55 


23-82 


4 


36-18 


11-85 












— 65-64 


Here the sum of the differences 


in 


16 days is 


65-64, and 



accordingly the mean daily rate, estimated by dividing the 
sum by the number of days, is — 4-1025. 

But both the error of the chronometer on mean time at 
the place and its daily rate may be found without any 
reference to that mean time at particular instants, as the 
two following problems will show : — 
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1. To find the Error of the Chronometer by equal Altitudes 

of a Star. 

The declination of a fixed star iB constant,* so is the time 
during which the earth performs a rotation on its axis : 
hence, if equal altitudes of a fixed star be taken, one before 
and the other after its meridian passage, the meridian itself 
will bisect the angle at the pole between the two equal polar 
distances, and therefore half the time elapsed between the 
two observations — taken at the same place — will make 
known the exact time when the star was on the meridian. 
Now, the chronometer may surely be considered as sufficiently 
regular to measure the interval between the observations 
with the necessary accuracy, so that if the chronometer-times 
of the two observations be added together, and half the sum 
taken, the result will be the chronometer-time of the star’s 
meridian passage. 

But the B. A. of the star is the It. A. of the meridian on 
which it is ; and if from this B. A., increased by 24 h if less 
than the mean sun’s B. A., we subtract tbe latter for the 
preceding Greenwich noon, we shall have the mean time at 
the place at the instant of transit nearly, as at page 198. 
And applying to this the correction for longitude in time, 
we shall have the mean time at Greenwich nearly. 

As in deducing this time the sun’s B. A. for the preceding 
noon W'as employed, we can now, by means of the “Diff. 
for l h ,” find what correction of this B. A. is due to the time 
past that noon just determined, and apply it to the mean time 
of transit nearly, to get the more correct time, just as the like 
correction w as applied at page 199. The difference between 
the time just found and the chronometer-time of transit will 
be the error of the chronometer on mean time at the place. 
The following is an example : — 

* That is, it varies insensibly dating the interval of time between the 
two observations here taken. 
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Observations on the Star A returns, Nov. 29, 1858, in longitude 98® SO' E. 



Altitudes E. and W. 


Times shown 




of Meridian. 


by Chron. 


Sum of Times. 


43" 10' 


J ll* 55“ 47* 
L 18 11 55 


30 h 7“ 42* 


43 30 


r 11 57 57 
1 18 9 45 

/ 12 0 7 


30 7 42 


43 50 


l 18 7 35 


30 7 42 



Hence the Chronometer-time of the star’s transit is 15 u 
3 m 51*. 



Arcturua B. A. Nov. 29 . . . 


14 h 


9" 


13* (to be increased by 24 h , as 
sun is greater.) 


R. A. of mean sun at noon 


16 


20 


4S Diff. for l h 




Mean Time of transit at place 


21 


48 


25 nearly 


15i 


Long. 98* 80' E. in time 


6 


34 


0 


5380 


Mean time at Greenwich 


15 


14 


25 nearly 


1076 



269 



Cor. for 16i h ... 164-09 = 2- 44* 



Subtracting therefore this increase in the sun’s E. A. for 
the 15 h ^ past the noon, when the E. A. was as above, we 
have 

Mean time of transit at place 21 b 45" 41* Mean time at G. 13 b ll m 41* 

Mean time as shown by chron. 15 S 31 15 3 31 

Error of ch. on mean T. at place 6 42 10 Error on mean T. at G. 8 10 



In taking the equal altitudes, the best mode of proceed- 
ing is this : having selected the star, which should be at a 
considerable distance from the meridian, that is, about three 
or four hours, take its altitude roughly with the sextant, then 
advance the index so that it may point to degrees and 
minutes without any fractions of a minute : suppose, as in 
the illustration just given, the index is advanced to 43° 10', 
then waiting till the star has attained this altitude, let the 
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time ll h 55 m 47* be noted. Now advance tbe index to — say 
43° 30', waiting till thi§ altitude is reached and again note 
the time ll h 57 m 57 s . In like manner advance the index 
an additional 20', and wait till the altitude 43° 50 7 is attained, 
noting the time 12 k 0 m 7 s , and so on till as many altitudes 
and times before tbe meridian passage have been taken as 
may be considered necessary. 

Then without disturbing the index from its last position, 
wait till this last altitude is furnished by the star on the 
other side of the meridian, the time 18 1 * 7 m 35 s being noted 
and linked with the time when the equal altitude was 
before taken : and proceeding in this manner, moving the 
index 20' the contrary way, after each observation, till 
we arrive at the altitude 43° 10' at first taken, the series of 
observations will be completed, and the times corresponding 
to each pair of equal altitudes will have been noted. If the 
chronometer have gone uniformly during the interval be- 
tween the first and last observation, the mean of the times 
corresponding to any pair of equal altitudes will be the 
same as the mean of the whole, that is, it will be the same 
as we should get by dividing the sum of all the times by the 
number of pairs, and taking half the quotient. But should 
there be a slight difference, the latter result is to be regarded 
as the chronometer-time of the star’s transit. 

The student will not fail to notice that this method of 
equal altitudes has the advantage of not requiring any cor- 
rections for the index error of the instrument, yet after the 
first of the altitudes, when the star has passed the meridian, 
is taken, the shifting the index of the sextant to its former 
place may not be accomplished with strict precision, it would 
therefore be better to take each of the altitudes, before the 
meridian transit, with a different sextant ; to take the first 
altitude after the transit with the sextant last used, and the 
remaining altitudes with the other sextants used in reverse 
order. The indexes all remaining untouched, we have 
sufficient security that the altitudes on one side of the 
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meridian are really equal to the corresponding altitudes on 
the other side, presuming the accuracy of the observations. 

By the same method of equal altitudes may the time, by 
chronometer, of the sun’s meridian passage be deduced, 
but on account of the sun’s change of declination, in the 
interval of the observations, a separate computation for the 
influence of this change on the time becomes necessary: 
we think the determination of the time from a single alti- 
tude of the sun, as explained in last chapter, is to be pre- 
ferred. 

2. To find the Hate of the Chronometer hj equal Altitudes 
of the same Star, on the same side of the meridian, on 
different niyhts. 

It has already been stated (page 94) that the interval 
between two consecutive transits of the same fixed star over 
the same meridian is uniformly 23 h 5ii m 4 s 09 of mean time : 
consequently the return of any fixed star to the same meri- 
dian is exactly 3 m 55 8- 91 earlier at every reappearance. And 
on account of the strict uniformity in the diurnal motion, 
not only is the star thus accelerated in its return to the 
meridian, but equally in its return to any point in its 
diurnal path. It follows, therefore, that if an altitude of a 
star be taken, and the time by the chronometer be noted, 
and then after the lupse of any number of days the same 
altitude, on the same side of the meridian, be again taken, 
and the time noted — it follows that if we divide the differ- 
ence of these chronometer times by the number of days, 
the amount by which the quotient differs from 3 m 55 8, 91, 
will be the daily error of the chronometer. For example, 
June 6, 1853, at 10 h 30 m 12 s by chronometer, and on June 
12, at 10* 1 6 m 40 s , a star on the same side of the meridian 
had equal altitudes : required the rate of the chronometer ? 



Digitized by Google 




HATE OE CHBONOM. BY EQUAL ALTITUDES. 211 

June 6 Time by Cbronom. 10 11 30“ 12* 

_1* „ „ 10_ 6 40 

6 Days elapsed 6) 23 32 

Daily diff. by chron. 3 5 4 ‘33 

True daily dift\ 3 55 '91 

Bate of chronom. 0 1'58 Gainin') 

It is plain that the chronometer must be gaining when 
the daily difference is less than it ought to be, and losing 
when it is greater. As in all cases of taking altitudes for 
the time, the nearer the object observed is to the prime 
vertical the better, and in the present case it is probable 
that a single altitude, if carefully taken, is preferable even 
to the mean of several altitudes. If several be taken, the 
altitudes must all be read off j and to do this without a 
second or two of error, is no easy matter ; but in the case 
of a single altitude only, the reading off is unnecessary : 
the index should be clamped for that altitude, and the 
sextant left untouched till the second observation is taken, 
which, if practicable, should be on a night when the state 
of the atmosphere, as indicated by the barometer and ther- 
mometer, is nearly the same as it was on the night of the 
first observation. Of course here, as in the former problem, 
there is to be no correction for index error. 

If different stars are observed, each with a different 
instrument, the mean of the rates, furnished by the several 
pairs of observations, is likely to be the more correct rate. 

In the foregoing remarks and directions we have said 
nothing as to the choice of any particular star or stars, 
merely observing that, whatever star be selected, its posi- 
tion in the heavens should be as near to the prime vertical 
as possible ; its altitude, however, should never be less than 
10 or 12 degrees, because of the changes to which the 
refraction at low altitudes is subject ; but it is not a matter 
of entire indifference which star is selected ; for as the more 
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rapid the motion of an object, the lees does any small error 
in marking its exact position affect the time corresponding 
to that position, the nearer the star is to the equinoctial 
the better : so that when its position is in other respects 
favourable, that star which has the least declination should 
always be chosen in observations for time. 



CHAPTEE VI. 

ON FINDING THE LONGITUDE AT SEA. 

The longitude of any place on the surface of the globe is 
ascertained as soon as we can discover the time at that 
place and the time at Greenwich at the same instant, 
since we have only to convert the difference of the two 
times into degrees and minutes, reckoning 15° to the hour 
to effect the object. How to find the time at the place is 
a problem that has been sufficiently discussed in Chapter 
IV., and it is the office of the chronometer, when properly 
corrected for error and accumulated rate, to furnish the 
time at Greenwich. But the time at Greenwich as well as 
the time at the place may also be found by direct observa- 
tions of the sun and moon, or of the moon and a star inde- 
pendently of the chronometer : that is, it can be found by 
what is called a Lunar Observation. This method of finding 
the Greenwich date of an observation and thence the longi- 
tude of the place where the observation was taken will be 
discussed in the next article : in the present we shall infer 
that date from the chronometer. 

Longitude by Chronometer. 

After what has been taught in the two preceding chapters, 
but little need be said here by way of explaining the prin- 
ciples of this method; an example will best convey the 
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mode of proceeding, the learner bearing in mind that when 
the time at Greenwich is less than that at the place, the 
longitude is E. : when greater, the longitude is W. 

August 16, 1858, in E. longitude, observations were 
taken of the sun, as recorded at p. 187. (Ex. 2), when the 
chronometer showed 6 h 36 m 40 s a. m. On July 14, the 
error of the chronometer on Greenwich mean time had been 
found to be 2 m 20 s fast, and its daily rate to be 3*‘5 gaining: 
required the longitude of the ship ? 
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Note. — The mean time at the ship is found bj the calcu- 
lation at page 189, the sun’s declination being corrected for 
the Greenwich time, here inferred from the chronometer to 
be 18 h 32 m 25 s- 3. In the operation at page 188, the Green- 
wich time is estimated from the longitude and time by 
account: neither of which is necessary here. 

In correcting the chronometer-time for error and rate, 
it will be observed that we have first applied the correction 
for the time up to the noon of Aug. 15, and have then 
corrected for the hours beyond this date. In strictness this 
is the way in which the corrections should be applied. 
If we had computed the gain upon 32 a 18 h 36 m 40 s , we 
should have treated the time as if it had been accumulating 
at a sort of compound interest. It is true that in general 
this would not lead to any practical error, but if the origi- 
nal correction, the number of days elapsed, and the daily 
rate, be all considerable, there might be an error of a second 
or so in the Greenwich time. 



Blank Fobm. — Longitude by Chronometer. 

[Date] * Time by Chron. 

Original error . . .* ) 

Accuro. in days elapsed . . . . > 

Time corrected to noon of Date 
Correction for time past noon 
JtEAN TIME AT GBEESWICH 

With the mean time at Greenwich thus determined, and 
the altitude, observed at the above chronometer-time, find 
now, - by the proper form (pages 194 or 199), the corre- 
sponding mean time at ship : we shall then have 

* The day is considered to commence at the preceding Greenwich noon, 
and the time shown by the chronometer is the approximate time after that 
noon. 



h m ■ 



Daily rate ..• 

Days elapsed x . . . 

Accum. rate 

— Daily rate x time past 
Noon -f- 24 h . 
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Mean time at ship . . h . . - . i Take the difference : if G. time is the 

Mean time at Greenwich } less, the long, is E., otherwise it is W. 

Longitude in time •. Longitude = . . * . . ' . . 



which is E. or W. according as Greenwich time is less or 
greater than ship-time. 

Examples for Exercise. 

1. June 2 the true altitude of the sun’s centre was 30° 2', 
when the chronometer showed 5' 1 l ra 0 s ; the latitude was 
40° 5' N. The chronometer on May 20 was 45 s slow for 
Greenwich time, and its rate 2 8, 1 losing. The sun’s decli- 
nation at the time of observation was 22° 9' 17” N., and the 
corresponding equation of time was 2 m 31 s , to be subtracted 
from apparent time: required the longitude of the ship? 

Ans. longitude, 7° 29' 49" W. 

2. May 19, in the afternoon, in latitude 42° 16' N., the 
mean of a set of altitudes of the sun’s lower limb was 4"3° 55', 
the mean of the corresponding times by chronometer was 
7 h 0 m 56 s . On March 17, at noon, the chronometer was 
l m 18* too fast for Greenwich mean time, and its rate was 
7 s- 8 gaining : the sextant had no index error, and the height 
of the eye was 25 feet : 

Sun’s Ded. 0. mean noon. Equation of Time (sub. from app. time). 

19* iY 48" N. Diff. for l k , + 31"’23 3- 49-5 Diff. for 1‘, — 0*13 

required, the longitude of the ship ? 

Ans. longitude, 55° 44' 45" "W. 

3. August 20, 1858, in latitude 50° 20' N., when the 
chronometer showed 2 h 41 m 12 s , the observed altitude of the 
star Altair was 36° 59' 50" W. of the meridian ; the index 
correction was +6' 28", and the height of the eye 20 feet. 
On Aug. 1, at noon, the chronometer was 17“ 45 s slow on 
Greenwich mean time, and its daily rate was 4 s- 3 losing ; 
required the longitude of the ship ? 

Ans. longitude, 141° 35' 80" E. 
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Longitude by Lunar Observations. 

In the foregoing article we have explained how the longi- 
tude at sea may be determined by aid of the chrono- 
meter, an instrument of human contrivance, and consequently 
liable to those accidents and derangements to which all the 
constructions of man are exposed. It is true, as we have 
previously shown, the errors and irregularities of the chro- 
nometer may from time to time, as suitable opportunities 
occur, be discovered and corrected ; but such opportunities 
frequently offer themselves, only at wide intervals, and 
during these intervals the mariner has to assume that his 
time-keeper has uniformly maintained its rate, as last deter- 
mined, and that through whatever changes of climate or 
fluctuations of weather he may have passed, and whatever 
hidden influences may have been in operation, nothing has 
disturbed this assumed regularity. And in truth, under 
ordinary circumstances he may make this assumption with 
safety; as far as skill and mechanical ingenuity are con- 
cerned, the chronometer may be regarded as a masterpiece 
of artistic construction, but of so delicate a character that 
the greatest care is necessary to preserve it in the condition 
in which it leaves the workman’s hands. It is accordingly 
kept in an apartment by itself — the chronometer-room — out 
of which it is never taken during a voyage ; it is imbedded in 
soft cushions, and, like the compass, suspended upon gimbals, 
so that the motion of the ship may not affect it by jerks and 
vibrations, and the atmosphere around it is, as far as possible, 
maintained, by means of lamps, at the same temperature, so 
that it may not suffer in its action from varying heat and 
cold. But notwithstanding all these precautions, it is 
evidently most desirable to be provided against accidental 
injury, and even against possible imperfections of construc- 
tion ; to have, in fact, some means to resort to beyond the 
reach of accident, and where all defect of workmanship is 
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an absolute impossibility. Such means can be furnished 
only by the unerring mechanism of the skies. 

The sun, moon, and stars supply to the mariner a celes- 
tial chronometer ; and when all other resources fail him, he 
may read off his time from the dial-plate of heaven ; but to 
decipher its indications requires some degree of scientific 
knowledge, and involves no inconsiderable amount of mathe- 
matical calculation : in the present article we shall investi- 
gate the theory, and exhibit the practical application, in as 
simple a manner as we can, of the problem of finding the 
time at Greenwich, and thence the longitude by the Lunar 
Observations. 

It may be well, however, in a few preliminary remarks, 
to convey to the learner some general notion of the leading 
features of this inquiry before entering upon the mathe- 
matical details. 

And first we may observe that of all the heavenly bodies the 
moon is that whose apparent motion is the most rapid, and 
consequently that whose change of place in a small portion of 
time is most easily detected. The best way of estimating 
the change of place of a moving body in a given interval of 
time, is to measure its distance at the beginning and at the 
end of the interval from some object directly in the path it 
is describing : the further the object to which the motion is 
referred is situated out of this path, the less does the moving 
body advance towards it or recede from it in a given inter- 
val of time, and consequently the more difficult is it to 
estimate accurately the difference of distance when that 
interval is small. 

Now, the immediate object of a Lunar Observation is to 
measure the angular distance at any instant between the 
moon and some known object, either directly in or very 
nearly in the path she is describing. The theory of the 
moon’s motion is now so well understood, that what her 
distance will be from such known object at any future 
instant can always be predicted, and although her motion 

t 
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is not strictly uniform, yet it is sufficiently so, that if the 
distances from the object at two instants three hours apart 
be previously computed, her distance at any intermediate 
instant can be found by proportion, and conversely an in- 
termediate distance being found by observation to have 
place, we can in like manner, by proportion, discover the 
intermediate time corresponding to that distance. Now, the 
distance of the moon from each of the several stars lying 
in or very near her path, as also her distance from the sun, 
are carefully computed for every three hours of every day 
in the year, and for several years in advance, and the results 
are all inserted in the Nautical Almanac ; these “ Lunar 
Distances” occupy from page XIII. to page XYIII. of 
every month. 

An observer at sea, wishing to know the time at Green- 
wich, measures with his sextant the distance of the moon 
either from the sun, or from one or the other of these 
selected stars, and after reducing the observed to the true 
distance, in a way hereafter to be explained, he refers to 
the Nautical Almanac for that distance, recorded there on 
the given day, which is the nearest distance preceding, in 
order of time, to that he has obtained, against which will 
be found the how, Greenwich mean time, when that recorded 
distance had place, and he further knows that his distance 
occurred at a more advanced period of Greenwich time. 
To find h<rw much more advanced, he takes the difference 
between the recorded distance at the hour just found, and 
■ the recorded distance at the third hour afterwards, as also 
the difference between his distance and that in the Almanac 
at first found : then as the former difference is to this, so is 
3 h to the additional time required. But a shorter way of 
computing the proportional part of the time will be ex- 
plained hereafter. 

From this brief sketch of the course to be pursued, the 
learner will perceive that there is nothing laborious in 
finding the time at Greenwich by a Lunar Observation 
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except the work that may be necessary for reducing the 
observed to the true distance; and this, it must be con- 
fessed, involves some amount of calculation. As the object 
is to clear the observed distance from the effects of parallax 
and refraction, the operation is called the problem of 

Clearing the Lunar Distance. 

In the annexed diagram let Z be the zenith of the place 
of observation, and let Z M, Z 8 be the two verticals on 
which the objects are situated at the time ; m, s, the ap- 
parent places of the moon and sun, or of the moon and a 
star, and let M, S, be their true places. 

$ As the moon is depressed by parallax, more than it is 

elevated by refraction, its z 

true place, M, will be above 

its apparent place, m ; but / 

the sun or a star being, on / ^ \ T 

the contrary, more, elevated m 

by refraction than de- .« 

pressed by parallax, its true 7,1 

place, S, will be below its apparent place, s. 

The apparent zenith distances, Z m, Z s, are got at once, in 
the usual way, that is, by applying to the observed altitudes 
the corrections for dip, index error, and semidiameter, and 
subtracting each apparent altitude thus obtained from 90° : 
the apparent distance between the two objects, m, s, that 
is, the great-circle arc m s, is the observed distance itself : and 
the problem is to compute from these the true distance, 
that is the great-circle arc MS. 

In the spherical triangle Z m s all the three sides will be 
given : hence the angle Z, or rather cos Z, may be found in 
terms-of these known quantities. In the spherical triangle 
Z M S two of the sides, Z M, Z S, being the true co-altitudes, 
— obtained by applying the corrections for parallax and 
refraction to the apparent altitudes, and subtracting each 

l 2 
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result from 90°,— are known; so that the expression for 
cos Z, in the triangle Z M S, will involve the true distance M S 
as the only unknown quantity. Consequently, by equating 
the two expressions for cos Z, we shall have an equation in 
which M S is the only unknown, and this may therefore be 
determined by the ordinary operations of algebra. Let 
the apparent altitudes and the apparent distance be repre- 
sented by the small letters a, a', and d; and the true alti- 
tudes and the true distance by the capital letters A, A', 
and D : then (Spherical Trig. p. 5) we have first from the 
triangle Z ms, and then from the triangle Z M S, 



„ cos d — sin a sin a 

cog Z = 

cos a oos a 



_ cos D - 
cos Z = 



cos A cos A 1 
cos D — sin A sin A' 






cos A cos A' 
cos D = (cos d 

cos d + 



sin A sin A' 
cos d — sin a sin a' 



OUO AX cos a cos a' 

. . cos A cos A' . . . . , 

sin a sin a ) , + syi A sin A 

cos a cos a 

, „ , 1 cos A cos A' ..... 

cos (a + a') — cos a cos a r + sin A sm A' 

' J cos a cos a 

But (plane Trig. p. 30) 

cos ci + cos ( a + a’)== 2cos 4-|a + a' + rf j-cos £ (a + a')/vci J- 
= 2 cos * cos (s r*. d) 

by puttings for £ (a + a'+d). Consequently 

_ 2 cos* cos (s cos A cos A' , . . .- , 

cos D = 1 ; cos A cos A + sin A sm A 

, cos a cos a' 



f^_2 cos s cos (* d ) cos A cos A' 
cos a cos a' 



- cos (A + A') 



Subtract each side of this equation from 1, then since 
1 — cos D =z 2 sin 5 £ D, and 1 + cos (A + A') = 2 cos 5 J (A + A 7 ) 
we shall have, after dividing by 2, 
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sin 2 4 D = cos 2 4 (A + A') — 



cos d cos (s d) cos A cos A' 



= cos 2 4(A + A')-[ 1 



cos a coa a 
cos 8 cos (a ~ d ) cos A cos A' ■ 



cos a cos a' cos 2 4(A 



. cos A i 
TaT J 



Now, let the fraction within the brackets be represented 
by sin 2 C, then the expression becomes 



sin 2 4 D — cos 2 4 (A + A') cos 2 C 
Bin 4 D = cos 4 (A + A'} cos 0 



Hence the formulas for finding the true distance D are 
the following, namely, 



sin 



q ^ cos 8 cos (* ~ d) cos A cos A' 

cos a cos a' cos 2 4 (A + A') 
sin 4 D = cos 4 (A + A') cos C 






(I) 



It may be satisfactory to the learner to mention that in 
assuming the fraction above to be equal to the square of 
some sine (sin 5 JC), we do no more than assume that the 
fraction is some positive quantity less than unit. And we 
are justified in this assumption from the following con- 
siderations : 

1. The fraction is positive. For every factor in the deno- 
minator is obviously positive, since neither of the altitudes 
can exceed 90°. Every factor in the numerator iB also posi- 
tive ; the only one of these about which there could be any 
doubt is the factor cos s ; but to prove that 2 s can never be 
so great as 180°, conceive the arc measuring the lunar dis- 
tance to be extended both ways to the horizon : the arc 
thus completed would measure 180°, and the ends of it are 
cut off by the perpendiculars to the horizon — the alti- 
tudes — which are respectively less than those hypotenusal 
ends, because in a right-angled triangle, whether spherical 
or not, the perpendicular is less than the hypotenuse. 

2. The fraction is not only positive, but it is less than 
unit. For if it were equal to unit, sin 2 1 D would be nothing ; 
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and if it were greater than unit, sin 2 i D would be negative, 
which no square can be.* 

The preceding formulae were first given by a French ma- 
thematician, M. JBorda. The computation of the expression 
under the radical r^juires, we see, nothing but cosines ; the 
result of this computation is, however, a sine, namely, sin C. 
In the right hand member of the other expression there 
occurs another cosine, cos C, and a cosine already employed ; 
the final result being a sine. It would be as well, perhaps, 
to postpone the change from cosine to sine till the very 
last, so that in the arrangement of the work there should be 
no interruption to the vertical row of cosines, in which case 
the row of figures would terminate with two sines ; that is, 
it might be as well to use the formulas under the following 

slight change : — 

,, .cos s cos (s n~> d) cos A cos A' i 

cos C = V — I /TT . 

cos a cos a' cos- 4 (A + A ) > . . . (II) 

sin 4 D — cos 4 (A +• A') sin C J 



* These remarks should not be regarded as ssperfl uous. In following 
the steps of a mathematical investigation, the learner should exercise that 
caution and circumspection which is often necessary to prevent too unquali- 
fied an interpretation of his symbols : for instance, in the inquiry above, 
he might hastily conclude, in the absence of such caution, that the formulae 
arrived at conveyed a general truth in spherical trigonometry ; the two 
spherical triangles Z M S, 1ms, being any whatever, partially super- 
imposed, as in the diagram : the above remarks show that this would be 
too unqualified an inference. The author of this work himself committed 
a mistake of the like kind, many years ago, when writing on the present sub- 
ject. Starting from the second expression for cos D above, namely from 



f 2 cos s cos (s d ) cos A cos A' .1 

oosD=t i — ; — -rr~TA — 1 lcoe(A-t-A') 

L cos a cos a' cos (A + A ) J 



he replaced the quantity within the brackets by 2 cos- C — 1, that is by- 

cos 2 C, and thus got the following formulae for the true distance, namely, 

_ .cos 8 cos (a d ) cos A cos A' -> 

COB C m V — I 

cos a cos «' cos ( A + A') V 

cos D = cos 2 C cos (A + A') J 

which are true however only under the limitation that A + A'is less than 
90°. (“ Young’s Trigonometry,” 1841, p. 194.) 
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Referring to the two expressions for cos Z at page 220, 
and subtracting each from 1, we have, 



cos 



a cos a' + sin a sin a' — cos d cos (a nu a') — cos d 



1 — cos Z nz 

cos a cos a cos a cos a 

cos A cos A' + sin A sin A' — cos D cos (A ~ AO — cos D 

1 cos L cofJ a cos A' cos A cos A' 

cos (a nja r ) — cos d cos ( A »j A') — cos D 
* * cos a cos a' cos A cos A' 

„ f , , .. 1 cos A cos A' .. . 

cos D = ■{ cos d — cos (a ~ a ) - + cos (A A ) 

• L J cos a cos a 

27ow we know (Plane Trig. p. 30), that, 

/ 

cos P + cos Q = 2 cos 4 (P + Q) cos 4 (P ~ Q) 

Let ^ (P + Q) = A, and £ (P Q) =A', then we shall have, 

P = A + A', and Q = A /v» A', or else Q = A + A', and P = A~A' 
cos ( A + A') + cos (A ^ A') =2 cos A cos A' 

In like manner, cos (a + a') + cos ( a ~ a') =2 cos a cos a' 

Hence, substituting in the above value of cos D, we have, 

_ n * , i oos(A + A')+cos(A~ A') /TTn 

; D = 4 cos d — cos (a r*/ a*) V — - — t ® 08 (Aru A ). . .(Ill) 

L ' J cos (a + a’) + cos (a rw» a’) 

If, instead of subtracting, we add each side of the two 
expressions for cos Z to 1, we shall get, in like manner, 

r , , „ 1 cos (A + A') + cos (A A') , TV \ 

is D = •< cos d + cos (o + a ) V — , “ 7 . cos (A + A ) . . . (I v ) 

\ J cos (a+a') + cos (a a’) 

We shall now illustrate the use of these formula) by an 
example. 



Application of the Formulae for Clearing the Distance . 

1. Suppose the apparent distance of the moon’s centre 
from a star to be 63° 35' 14”, the apparent altitude of the 
moon’s centre, 24° 29' 44", and the true altitude 25° 17 45 , 
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also the apparent altitude of the star, 45° 9* 12", and its 
true altitude 45° 8' 15" : required the true distance ? 

Here d - 63° 35' 14", a = 24° 2^ 44", d = 45° 9' 12". 

A = 25° 17' 45", A' = 45° 8' 15" 

The work will be as follows : — 



1. By the Formulce (II). 



d 68° 


35' 


14” 




Tab. Diff. 


Parte. 


a 24 


29 


44 


Comp, cos 0*040919 . . 


. 96 + 


4224 


o' 45 


9 


12 


Comp, cos 0-151655 . . 


. 212 + 


2544 


2)133 


14 


10 






+ 6768 


* 66 


37 


5 


. . . . cos 9-598660 . . 


. 487 — 


2435 


s rv d 3 


1 


51 


.... cos 9-999398 . . 


. 11 — 


561 


A 25 


17 


45 


. . . . cos 9-956268' . . 


. 99 — 


4455 


A' 4*5 


8 


15 


.... cos 9-848472 . . 


. 212 — 


3180 


A+A' 70 


26 


0 


39-595372 


- 


-10631 








— 39 parts for secs. - 


-38,63 








2)39-595333 












19-797667 




• 


4 (A + A') 35 


13 


0 


. . — cos 9-912210 + 






C 39 


48 


37 


.... cos 9 "885457 . . 


. 175)6500(37” 










525 




C . 


• • • 


# , 


. ... sin 9-806254 . . 


. 253 1250 










+ 94 pts. for 37" 










9-806348 + 






4 D = 31 


32 


174 


. ... sin 9-718558 . . 


. 343)6100(17"4 


D = 63 


4 


35 




343 





2670 

2401 



269 

The minus sign is put before cos (A+AQ to imply that 
it is to be subtracted from the quantity over it ; and the 
plus sign is annexed to it to indicate its addition to the 
quantity similarly marked below. 
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2. By the Formula (IV). 
nat. cos 444835 + 



nat. cos 347772 + 

792607 log 5-899058 

nat. cos 935704 + 

1283476 Comp, log 3-891612 

nat. cos 334903 — 
nat. cos 940634 

sum 1275537 log 6-105693 

787704+ .... log 5-896363 
nat. cos 452801 



In the preceding operation we have not actually exhibited 
the parts for the seconds. As never more than two cosines 
are to be .added together the parts for seconds should be 
incorporated into each at once : * but in comparing this 
method with the former, an estimate should be made of 
what is here suppressed, in reference to the extracts from 
the table of logarithms. (See p. 230.) 

* In the Navigation Tables which are intended to accompany this work, 
will be found a very convenient table of natural cosines, by aid of which 
the trouble of correcting for seconds is scarcely worth mentioning. This 
table may also be found useful for other purposes. The author has 
before expressed his disapproval of the exuberant supply of tables with 
which most of the books on this subject abound. He is persuaded that a 
reference to a variety of tables, in one and the same operation, begets con- 
fusion and perplexity ; more especially when any of these require to be 
modified, in every case of practice, by supplemental tables in the margin. 
He inclines to think that the navigator who has to work out an important 
problem, such as that in the text — where even a small inaccuracy is of con- 
sequence — would rather have a model to go by which should confine his 
attention to a single table, the use of which he is well acquainted with, 

t 3 



d 63° 35' 14” 
a 24 29 . 44 1 
o' 45 9 12 J 

a + a' 69 38 56 



a ru a' 20 39 28 

A 25 17 45-1 
A' 45 8 15/ 

A + A'^70 26 0 

A ~ A' 19 50 30 



D 63 4 35 
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It is some advantage in this second way of finding the 
distance that the cosines of a +. a', A + A' always occur 
in the same column, or in adjacent columns of the table : 
so do the cosines of a ~ a’, A ~ A'. Also the first and last 
logs occur in like manner at the Bame column or in adja- 
cent columns, as do the two middle logs. The table of 
natural cosines, as given in the accompanying volume of 
tables, is moreover more easily employed* than the table of 
log cosines. On these accounts some may possibly prefer 
the method now given. Both the methods might be abridged 
by the aid of special tables: but these are sometimes so 
perplexing, involving two or three small marginal tables of 
corrections, and requiring so much tact and judgment in 
the use, that we think the rigorous methods by the common 
tables are to be preferred. Indeed as a general principle 
the fewer the tables employed in the computations of 
nautical astronomy the better. Even the logarithmic por- 
tion of the foregoing work might we think be advisedly 
replaced by common arithmetic : the operation would then 
stand thus : — 

even should he have to perform a few independent arithmetical operations, 
than have his mind perplexed by turning from table to table for the several 
items he is to put down ; more especially when these are not to be obtained, 
after all, without certain changes and very careful and vigilant scrutiny. 
Under this conviction, the author has here proposed a method which, 
besides a little arithmetic, requires reference only to one table, very easy 
to consult — a table of natural cosines. 

It will, however, be understood that the preference here given to the 
arithmetical operation in next page, instead of to the logarithmic work in 
the last, is merely a matter of individual taste and opinion. The com- 
puter who uses the method in the text, will employ logarithms or not, as 
he thinks best 
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d6 3° 35' 14" nat. cos 444835 + 
a 24 29 44 1 
a' 45 9 12 J 

a+a'69 38 56 nat. cos 347772 + 

792607 Multiplier (to be reversed) 

a ~ a' 20 39 28 nat. cos 985704 + 

A 25 17 45 \ 1283476 Divisor. 

A' 45 8 15 J 

A + A' 70 28 0 nat. cos 334903 (To be subtracted from quotient 

A r>j A' 19 50 30 nat. cos 940634 below) 

1275537 Multiplicand 
. 706297 

8928759 

1147983 

25511 

7653 

89 

12,8,3,4,7,6) 10109995 ( 787704 



8984332 


334903 (Subtract) 


1125663 


452801 nat. cos 63* 4' 35" = D 


1026781 


Should this nat. cos be nega- 


98882 


tive, the supplement of the 


S9843 


angle answering to it in the 


9039 


tables will be D. 


8984 




55 





An arithmetical operation like the preceding mast not be 
judged of by the eye, in a comparison of it with a logarith- 
mic process ; in the latter the fingers are a good deal lesB 
exercised, but the mind a good deal more. 

It may be proper to add here that the sign + or - 
annexed to any quantity, implies that that quantity is to be 
algebraically added to or subtracted from the next marked 
quantity below it, whatever the prefixed signs of the quan- 
tities may be. Whenever any of the cosines are negative, 
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that is, when any of the angles exceed 90°, the negative 
sign is, of course, to be prefixed. The numbers whose 
logarithms are taken, are all regarded as positive : whether 
the final result belongs to a positive or negative number, 
is to be determined as in the common “ rule of signs” in 
multiplication only an odd number of negative quantities 
can give a negative result. It may be further noticed that the 
cosines are all treated as whole numbers, and not as decimals. 

The operation by this second method is easily expressed 
in a rule as follows : — 

RuLE^/or Clearing the Apparent Distance. 

1. Write down, in order, the apparent distance, and the 
apparent altitudes ; and take the sum and difference of the 
latter two. 

\ 2. Underneath, write the true altitudes ; taking in like 
manner their sum and difference. 

3. Referring now to the table of natural cosines, take out 
the cosine of the apparent distance, as also the cosine of 
each sum and difference. 

4. Take the sum of the first and second cosines, then the 
Bum of the second and third, and lastly the sum of the fourth 
and fifth. 

5. These sums will give three numbers. Multiply the 
first and third of them together, and divide the product 
by the middle one, performing the operation either by logs 
or by common arithmetic ; the result — the cosine of the 
sum of the true altitudes being subtracted from it — will be 
the cosine of the true distance. If this cosine be negative 
the supplement of the angle in the tables is to be taken. 

Note. — In taking out the cosines, the best way of pro- 
ceeding will be this : Having found the column headed with 
the degrees, take first the seconds ; and having written the 
proper correction for these on a slip of paper, place this 
correction under the cosine answering to the minutes, and 
write down the result of the subtraction. 
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We Bliall give another example worked by this rule, and 
shall then sketch the blank form for each of the two 
methods of finding the true distance. 

2. Given the apparent altitudes a = 29° 27' 5", a' = 25° 
5 O' 51" ; the true altitudes A = 29° 25' 30", A' = 26° 41' 
35", and the apparent distance d = 99° «58' 58" : required 
the true distance ? 



d 99° 


58' 


58" 


nat. cos - 


- 173352 + 


a 29 


27 


5 \ 






a' 25 


50 


51 J 






a + o' 55 


17 


56 


nat. cos 


569295 + 










395943 Multiplier (to be reversed) 


a rv a' 3 


36 


14 


nat. cos 


998023 + 


A 29 


25 


301 




1567318 Divisor 


A' 26 


41 


35 J 




— 


A + A'56 


7 


5 


nat. cos 


557484 


A/wA' 2 


43 


55 


nat. cos 


998863 



1556347 Multiplicand 
349593 



4669041 

1400712 

77817 

14007 

622 

47 

15,6,7,3, 1,8)6162246( 
4701954 

1460292 

1410586 

49706 

47019 

2687 

1567 

1120 

1097 

23 



393171 

557484 { Subtract ) 

— 164313 = nat. cos 

99° 27' 26” = D 
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If instead of actually multiplying and dividing, we take 
the logarithms of the three numbers, the extracts from the 
table will be as follows : — 



5-5975S6 


6-195069 


6-192010 


44 . 


S3 


83-7 


3 


2-77 


11-16 


5-597633 ' 


2-21 


1-95 


3-804843 = Comp, of 6-195157 


6-192106 


6-192106 






5-594582 = log 


393171 




603 


557484 (Subtract) 




. Ill) 79 (71 — 


164313 = nat. cos 99° 27' 26” 


777 






13 






1st Blank Form for clearing the Lunar Distance. 


App. dist. . .° . . . 


115. t. COS •*•«*• 


+ 


App. alts. { • ' ‘ ' * 

v • • • • • 


:} 


* 


Sum app. alts 


. nat. cos 


+ 






Multiplier 


Diff. app. alts 


. nat. cos 


+ 


True alts. ’ " 


;} ..... 


Divisor 


Sum true alts 


. nat. cos 


(To be subtracted from 


Diff. true alts 


. cat. cos 


quotient below). 




Sum 


Multiplicand 



X 

Divisor) Product (Quotient 

nat. cos of True 

Distance. 

Note. — The “ quotient” may be found as here indicated, 
by common multiplication and division, using the contracted 
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methods, or by taking the logarithms of the three numbers, 
thus : — 



Log Multiplier . 

Comp, log Divisor ....... 

Log Multiplicand 

Log Quotient ,10 being rejected from the index. 



2sd Blasr Form for clearing the Lunar Dittance (Borda's Method). 



App. dist. 
App. alt. 
App. alt. 



•J).. 



i sum 

t sum r*j app. tlist. 
True alt. 

True alt. 

Sum true alts 



i sum true alts. 
Angle C 
Angle C 



4 true distance 
True Distance 



Comp, cos 

Comp, oos 



Tab. Dijf. Pai-ts for ttct. 

+ 

. . . . + 



cos . . . 
cos . . . 
cos . . . 
coa . . . 



. . Parts for secs. 



2 ). 



cos . 






+ . . . Parte for secs. 

+ 

siu )•••(• 



By comparing the two forma the student will perceive 
that if in the first the multiplication and division be per- 
formed by logarithms, there will be the same number of 
references to tables in each: but in the first method the 
references are made with much greater facility, and con- 
sequently the work is completed in less time, and • with less 
trouble: and, as both methods are equally accurate-giving 



Digitized by Google 




232 



OK TAKIHG THE OBSEBVATIOHS. 



the true distance to the nearest second — the first method, 
we think, claims the preference, on the ground of superior 
simplicity. 

But it may be remarked, that whichever method be em- 
ployed, an error of a few seconds — or of even so much as 
one or two minutes — in taking the altitudes, will have but 
very little influence on the resulting true distance, provided 
the observed distance be taken with accuracy. This is a 
valuable peculiarity ; because, in preparing to take the dis- 
tance, the sextant can be previously set to a division on the 
limb easily read off, the observer waiting till the anticipated 
distance has place, at fhe instant of which the altitudes may 
be taken by two other observers ; and any small inaccuracy 
either in the readings off or in the observations themselves, 
will be of comparatively little consequence. 

But, instead of a single observation, it is always best to 
take the mean of several. For this purpose, after the first 
anticipated distance is taken, with the corresponding alti- 
tudes, the index of the sextant can be moved a minute or 
two, according as the objects are approaching to or receding 
from each other, and another observation of the distance, 
with the corresponding altitudes, taken, and so on: the 
mean of the distances, and the means of the corresponding 
altitudes, are those from which the true distance is to be 
computed. It is of much more importance to deduce the 
distance from the mean of a set, than to so deduce the alti- 
tudes, since strict precision in the latter is not indispensable : 
indeed, as we have already remarked, the altitudes may be 
each in error to the extent of even one or two minutes, 
without materially affecting the result of the computation.* 

* The reason of this may be explained as follows : The fraction in the 
formula (III), has for numerator and denominator numbers consisting of 
six or seven places of figures each. If the last two or three figures of each 
be equally increased or diminished, it is plain the value of the fraction 
cannot be materially altered ; and it is equally plain that a small alteration 
of a, a' produces an equal alteration in A, A'. Again, the fraction always 
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It may happen, however, from the want of qualified 
assistants, that both distance and altitudes must be taken 
by the same observer. In this case, having set his sextant 
to the anticipated distance, shortly before this distance has 
place, let him take the altitude of each object, with another 
instrument, noting by the watch the corresponding times. 
Let him again observe the altitudes and times shortly after 
the distance is taken, having already noted the time of 
the distance itself. Then, by proportion, as the interval 
of time between the two altitudes of the same object is to 
the interval of time between one of those altitudes and the 
distance, so is the difference of the altitudes to the correction 
to be applied to the one altitude spoken of, to reduce it to 
what it would have been if taken at the instant of the 
distance. Of course, a mean distance, and a mean altitude 
of such object, can be inferred from several, as before. But 
the obscurity of the horizon may preclude the taking of the 
altitudes altogether : in this case they will have to be deter- 
mined by computation. The method of computing altitudes 
will be explained hereafter. 

Examples for Exercise. 

1. The apparent distance d, the apparent altitudes a, a', 
and the true altitudes A, A', are as follows, namely: — 

d = 83° 57' 33% a = 27° 34' 5", a' = 48° 27' 32" 

* A = 28° 20' 48 ", A' = 48° 26' 49 " 

Required the true distance D ? Ans. D =83° 20' 54*. 

' 2. The apparent distance, the apparent altitudes, and the 
true altitudes are as follows, namely : — 

differs from unity by a very small fraction ; that is, it is equal to 1 + p, 
p being very small. The formula is therefore 

cos d (1 + p) — cos (arsj a') — p cos («~j') + cos (A~A') 

Now cos (a/v/a 7 ) and cos (A~A') have equal errors ; these errors, therefore, 
here destroy each other, so that the only error remaining is that in cos (oiva') 
multiplied by the very small fraction p. And similarly of form (TV). 
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d = 72° 42' 20", a — 20’ 13' 20", o' = 31° 17' 20" 

A = 20° 10' 43", A' = 32° 2' 14" 

Required the true distance D ? Ans. D = 72° 33' 8*. 

3. The apparent distance, the apparent altitudes, and the 
true altitudes, are as follows, namely : — 

d = 56° 56' 31", a = 58° 4' 35", o' = 23° 3' 4" 

1 A =58° 3' 59", A' =23° 51' 41" 

Required the true distance D ? Ans. D =56° 16' 27". 

4. The apparent distance, the apparent altitudes, and the 
true altitudes, are as follows, namely : — 

d = 108° 14' 34", « = 24° 50', o' = 36° 25' 

A =25° 41' 39”, A'= 36° 23' 50" 

Required the true distance D ? Ans. D =107° 32' 1". 

5. The apparent distance, the apparent altitudes, and the 
true altitudes, are as follows, namely : — 

d = 33° SO 7 21", a = 28° 24' 59", a' = 61° 36' 50" 

A = 28° 23' 14", A' = 62° 2' 0" 

Required the true distance D ? 1 Ans. D =33° 56' 48". 



Determination of the Greenwich Time, and thence the Longi- 
tude, from a Lunar Distance. 

As already stated -(page 218), a variety of Lunar ’ins- 
tances are given in the Nautical Almanac for every day in 
the year, and for intervals of every three hours. During 
such an interval the motion of the moon in its path may be 
considered as sufficiently uniform to justify our inferring, 
without material error, what the distance would be on any 
intermediate instant, by proportion, or on the other hand, 
what the time would be corresponding to any intermediate 
distance. But it is evidently troublesome to work a propor- 
tion in which two of the terms are degrees, minutes, and 
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seconds, and the third term hours. To save this trouble 
in all such proportions, Dr. Maskelyne, a former Astro- 
nomer Royal, calculated a table, called, a table of Propor- 
tional Logarithms: it will be found in the Navigation 
Tables which accompany this volume : — we shall here 
explain the principles of its construction, and the use to 
be made of it. 

Pbopobtional Logabithms. — The number of seconds 
in 3 h is 10800, and if a be the number of seconds in any 
portion of time less than 3 h , then log 10S00 — log a is what 
is to be understood by the proportional logarithm of a. 

Hence, contrary to common logarithms, the greater the 
number a the less will be its proportional logarithm. In 
fact, these logarithms are analagous to what in common 
logarithms are called arithmetical complements ; — the greater 
the log the less its arithmetical complement. As — 

t, , , , , 10800 

Prop, log a = com. log 10800 — com. log a = com. log > 

proportional logarithms are complements of the common 
logarithms — not to 10 — but to com. log 10800. If a be 
actually equal to 10800, then prop. log. a — com. log 1 =0 ; 
just as in common logs, if a log be actually equal to 10, its 
complement is 0. 

We thus see that a table of proportional logarithms of the 
numbers required is constructed by simply subtracting the 
common log of each number from the cimmon log of 10800, 
that is, from 4 033424. 

Let the difference between two consecutive lunar dis- 
tances in the Nautical Almanac be D, and suppose the 
difference between an intermediate lunar distance determined 
at sea, and that of the two distances in the Almanac, which 
is the nearer to it, preceding, in order of time, to be d : then 
to find what portion (x h ) of time must be added to the time 
of this nearer distance to obtain the Greenwich time of the 
observed distance we have the proportion, * 
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that is, 



D : d : : 3 k : a* 
log x h — log 3 h + log d — log D 
log 3 b — log x 1 ' = log D — log d 

= (log 3 k — log d) — (log 3 k — log D) 

P. log a> = P. log d — P. log D, 



where by a^ 1 , d, and D, are meant the number of seconds in 
these several quantities. 

The P. log D is inserted in the Nautical Almanac, between 
the distances there given at the beginning and end of every 
three hours, so that by subtracting this proportional log 
from P. log d, taken out of the table of proportional loga- 
rithms, the remainder will be a P. log, answering to which 
in the table will be found the portion of time to be added to 
the hour of the earliest distance, in order to get the Greenwich 
mean time of the observed distance. Por example : Suppose 
it were required to find the Greenwich mean time at which 
the true distance between the moon and « Pegasi would be 
41° 14' 58" on January 22, 1858. It appears, by inspecting 
the distances in the Nautical Almanac, that the time must 
be between neon, that is 0 h and 3 h ; the nearest distance, 
p receding in order of time the given distance, is therefore the 



Distance at noon 


O 

0 


29' 


8’ . . 


. . P. log of diff. 


2987 


Given distance 


41 


14 


58 






Difference 


0 


45 


50 . 


. . P. log 


5941 


Time after noon 


¥ 


31 m 


10* . 


. P. log 


2954 



But, although the moon’s motion during the whole of the 
3 h is sufficiently uniform to render the interval of time, thus 
determined by proportion, a close approximation to the true 
interval, yet to obtain the interval exactly, a correction for 
the moon’s variable motion during that interval must he 
applied. The correction is found as follows : — 

Take the difference between the P. logs against the two 
distances in the Almanac, between which the given distance 
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lies. Then with this difference, and the approximate interval, 
found as above, enter the short table given at p. 526 of the 
Almanac, and the proper correction will be found. Thus, in 
the example above, the P. log at noon is 2987, and the 
P. log at 3 h is 2936 : the difference between these is 51. 
Turning to the table at p. 526 of the Almanac, we find 
opposite to l h 31 m (the nearest to l b 31 m 10 s ), and under 51, 
the correction 16 s ; which, added to the approximate interval, 
l h 31 m 10 s , because the P. logs here are decreasing , gives 
l h 31 m 26 s for the true interval from noon: hence the 
Greenwich mean time is l' 1 31 m 26 s . 

Proportional logarithms may be advantageously used in 
many other inquiries in which common proportion would 
else be necessary. And as in ordinary logarithms, we may 
always avoid subtraction by taking the complement of the 
P. log to 10 0000, and then rejecting this amount in the 
sum. For example, — 

The observed altitude of a celestial object at 3 h 28 m 44* 
was 20° 3', and at 3 h 38 m 20 s , the altitude was 20° 45' : what 
was its altitude at 3 h 33 m 47 s ? 



First alt . . 20* 3' Time 

Second ... 20 45 „ 

Difference . 0 42 Diff . 

As 9” 36* 

: 5 3 
: : 42' 

: 22 ' 6 " 
First alt . 20* S' 0" 



. 3>> 28™ 44* 3 h 28™ 44* 

3 38 20 Time at roq. alt 3 33 47 

. "0 9 36 Difference . .053 

Arith. comp. P. log 8 - 7270 
P. log 1-5520 
P. log -6320 

. P. l0£ "9110 



20* 25' 6" Altitude at S k 33™ 47* 



Having thus shown the use of proportional logarithms, 
we may now proceed to detail the operations necessary for 
obtaining the longitude by a Lunar Observation. . 



longitude from a Sun-Lunar. 

1. The first thing to be done is to get, either from the 
ship’s account, or from the chronometer, the approximate 
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Greenwich date of the observations ; by means of which the 
semi-diameters, horizontal parallax, declination, and equation 
of time, at the instant of observation, may be ascertained 
sufficiently near the truth for the purpose in view ; for these 
quantities vary so little in even a long interval of time, that 
a considerable error in the Greenwich date can affect their 
value only in a very slight degree. 

2. The next step in the work is, by applying the necessary 
corrections to the observed, to obtain the appareut, and true 
altitudes ; and the apparent distance of the centres. 

3. These preparatory operations having been performed, 
we shall then have data sufficient for finding both the mean 
time at the ship, and the mean time at Greenwich, at the 
instant the observations were made, as in the following 
examples : — 

1. On February 12, 1848, at 4 h 16™ p.m. mean time, by 
estimation, in latitude 53° 30' S., and longitude by account 
39° 30' E., the following lunar observation was taken : — 



Sun's L. L. 

Obs. alt. 29° 17' 26" 
Index cor. — 2 10' 



Mom's L. L. Nearest Limbs. 

25° 40' 20" Obs. dist. 99° 27' 30" 
— 1 10 —50 



29 15 16 25 39 10 



99 26 40 



The height of the eye was 20 feet : required the longitude ? 



Mean time at Ship, Feb. 12 . 
Longitude E. in time 

Estimated mean time at G. . 



4 h 16“ 
2 38 

1 38 



Referring now to the Nautical Almanac, we take out the 
two semi-diameters, the sun’s declination, the moon’s hori- 
zontal parallax, and the equation of time — 
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Sun’s noon declin. at G. 


13° 


52' 


18" S. 


Diff. for l h , — 


-49" -87 


Correction for l h J 


- 


-1 


15 




14 


Declination 


13 


51 


3 S. 


Eq. of Time. 


4987 




90 






+ 14“' 33” 


2499 


Polar Distance 


76 


8 


~ 57 


- 


-74-86 


Moon’s Hor. parallax at 


G. noon 


68' 36” 


Diff. for 12\ 


l mi 
it> 



Correction for l h 4 = J of 12 h 
Horizontal Parallax 



— 1"-6 
58 34 



Sun’s semi-diam. 16' 13’' 
Moon’s senri-diam. 15 68 



1. 


For the Apparent and True Altitudes. 




Sun. 


- 


Moon. 




Obs. alt. L. L. 


29° 15' 16" 


Obs. Alt. L. L. 


25’ 39' 10 


Dip — 4' 24" ) 
Semi + 16 13 j 


+ 11 49 


Dip. — 4' 24" 1 

Semi + Aug. +16 5 1 


+ 11 41 


App. alt. centro 


29 2T 5 


App. alt. centro 


25 50 51 


Ref. — Parallax 


— 1 35 


Par. — Refraction 


+ 50 44 


True alt. centre 


29 25 30 


True Alt. centre 


26 41 35 



2. For the Mean Time at Ship. 



Alt. (sun) 29° 


25' 


30” 




Tah. Biff. Pts. for secs. 


Latitude 53 


30 


0 


Comp, cos 0 ’225612 




Polar (list. 76 


9 


0 


Comp, sin 0 ’01281 4 


52— 0 


2)159 


4 


30 






i sum 79 


32 


T5 


cos 9 ’259268 


1141— 17115 


4 sum — alt. 50 


6 


45 


sin 9-884889 


176 + 7920 


* 






10-382583 


— 91,95 








* —92 






% 




2)19-382491 




| Hour angle 29 


25 


7 


sin 9 ’691246 


, 






2 






Hour angle 58 


50 


14 = 


= 3 11 B5 m 21* Apparent time at Ship 



Equation of Time +14 33 



Mean Time at Ship , . 4 9 54 
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3. For the True Distance, the Greenwich Time, and the Longitude. 

Obs. dist. 99° 26' 40" App. dist. 99” 58' 5S" nat. cos — 178352 + 

Sun’s semi-diam. + 16 13 >• ( 29 27 5 

Moon’s + Aug. +16 5 ^ App ’ a ts ’ t 25 50 51 

Sum app. alts. 55 17 50 nat. cos 569295 + 

395943 Multiplier 

Diff. app. alts. 3 36 14 nat. cos 998023 + 



1567318 Divisor 



True alts. 


j 29” 
1 26 


1 25' 
41 


30" 

35 




Sum true alts. 


56 


7 


5 


nat. cos 557484 


Diff. true alts. 


2 


43 


55 


nat. cos 998863 










1556347 Multiplicand 
X 349593 










1 567318)616224 6( 393171 










—557484 


True distance 


99* 


27' 


26" 


nat. cos — 164313 


Distance at noon ( Naut. Aim.) 98 


3S 


0 


Prop, log (N. A.) 2725 — 


Difference 




49 


26 


Prop, log 5612 


Mean time at Greenwich 


1* 


32“ 


35* 


Prop, log 2887 


Meau time at ship 


4 


9 


54 




Longitude E. in time 


2 


37 


19 




2 h = 


30° 








37” = 


8* 


15' 






19* = 




4' 


45" 




Longitude E. 


39° 


in' 


45" 





If the estimated mean time at Greenwich, namely l h 38 m , 
had been taken from the chronometer, we should now be 
able to infer from the correct * Greenwich time, namely 
l h 32 m 35 B , that the error of the chronometer an Greenwich 
mean time is 5 m 25 s fast. 

Note. — When the estimated time at Greenwich, upon 
which the preparatory operations are founded, differs con- 
siderably from the true mean time at Greenwich, it will be 
prudent to glance at the results of those operations with a 
view to discovering whether this difference of time can 
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cause any appreciable modification of them ; that is to say, 
whether, 1st, the sun’s declination requires any additional 
correction of consequence in reference to its influence on the 
time at the ship — as fully explained at page 190 ; and, 
2nd, whether the additional correction of the moon’s semi- 
diameter can have any sensible effect on the distance. 

In the example above, the 2 m 35", by which the estimated 
Greenwich time, namely, 2 J- hours, exceeds the true Green- 
wich time, authorises an additional correction of — 2" in the 
declination, and therefore of +2" in the polar distance ; this 
correction, however, is readily seen to have no sensible 
influence on the mean time at the ship. The change in the 
moon’s semi-diameter, which diminishes only 4" in 12 h , is 
equally insensible. 

It may be further remarked, that in determining the 
interval of time from the proportional logarithms, we have 
not here taken account of the correction of that interval for 
the moon’s variable motion, which correction as noticed at 
page 237 is given in the Nautical Almanac. We think it 
right, however, to introduce it in the Blank Form to be 
hereafter given, as in certain cases, especially in low lati- 
tudes, it may considerably affect the longitude. The learner 
will, of course, remember that an error of, say 2', in the 
longitude, does not place the ship 2 miles out of its true 
position, except it be actually on the equator : — the error in 
distance would be 2 miles x cos lat., as shown at page 53 ; 
such an error in the present case would but little exceed a 
mile. 

In the foregoing example the time at the ship has been 
deduced from the sun, but if this body be too near the 
meridian when the lunar is taken for its altitude to be safely 
employed for this purpose, the time must be inferred from 
that of the moon. Now in this case it is desirable to find 
the time at Greenwich before finding that at the ship, that 
is, to perform the operation marked (3) above before that 
marked (2), instead of after it, for the right ascension and 

x 
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declination of the moon change bo rapidly that an error of 
but 9 or 10 minutes in the time may cause an error of bo 
much as 4' in the resulting longitude. It is desirable, 
therefore, that when time is to be computed from the moon, 
that the Greenwich date of the observation should be as 
accurate as possible : we shall give an example. 

2. May 22, 1844, at ll 1 * 15 m , estimated time, in latitude 
50° 48' N. and longitude 1° W. by account, the following 
lunar observation was taken, the moon being E. of the 
meridian : — 



Sun's L. L. 

Obs. alt. 57° 53' 0" 

Index cor. + 30 

57 53 30 



Moon’s L. L. Nearest Limbs. 

22° 53' 2" Obs. dist. 56° 26' 6" 

— 20 —35 

22 52 42 56 25 31 



The height of the eye was 24 feet : required the longitude ? 

Mean time at ship, May 21 . . . 23 h 15™ 

Longitude W. in time .... 4 

Estimated mean time at Greenwich 23 19, or 41 m before noon, May, 22. 

Referring now to the Nautical Almanac, we take out the 
following particulars, the sun’s declination not being required, 
since from the proximity of that body to the meridian it is 
proposed to deduce the ship time from the moon. 



Moon’s semi-diam., May 21, midnight 


15' l’ , -3 
+ 4 -15 


Diff. for 12 h +4” -4 
for 4 1” -25 


Moon’s semi-diam. at 23 h 19”, May 21 


15 5 -4 


Cor. 4 -15 


Moon’s Hor. par. May 21, midnight 


55' 7 "-6 
+ 15-2 


Diff. for 12 h +16"-1 
for 41“ *9 


Moon’s Hor. par. at 23 h 19“, May 21 


55 22-8 


Cor. 15 -2 
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Sun’a semi-diameter at noon, May 22, 15' 49\ 



1. For the Apparent and True Altitudes. 



Suit. 

Obs. alt. L. L. 

Dip — 4' 49" 

Semi. + 15 49 
App. alt. centre 
Ref. — Parallax 

True alt. centro 68 3 59 



Moow. 



Obs. alt. L. L. 

Dip. — 4' 40" a 


22“ 52' 


42" 


Semi. + 15 5-4 [- 

Augment. 5'6 0 


+ 10 


22 


App. alt. centre 


23 3 


4 


Parallax — Ref. 


+ 48 


41 


True alt. centro 


23 51 


45 



] 

57* 58' 30" | 

+ 11 0 i 



58 4 30 

— 31 



2. For the True Distance and Time at Greenwich. 



Obs. dist. 56* 25' 31", 


App. dist. 


56* 


56' 


81' 


Sun's semi. +15 49 


[ App. alts. \ 


[53 


4 


30 


Moon’s + Atig. +15 11 J 


1 23 


3 


4 




Sum 


81 


7 


34 


( 58” 8' 59'' 


Difference 35 


1 


26 



True alts. U, M 4 - 



nat. cos 545489 + 



nat. cos 154260 + 

699749 Multiplier, 
nat. cos 818912 + 

973172 Divisor. 



Sum 81 55 44 nat. cos 140402 

Difference 34 12 14 nat. cos 827043 



967445 Multiplicand 
947996 



5804670 

870701 

87070 

6772 

387 

87 

9.7*3 l l 7,2)6709687( 695631 

5839032 — 140402 

930655 555229 = nat cos 56“ 16' 25" 

875855 



54800 

48659 



6141 

5839 



302 

292 



ft 



10 



it 2 
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True distance 58° 16' 25" 

Dist. at 21 h (Naut. Aim. ) 55 15 36 P. L.ofDiff. 3221 — 

" 1 <T~ 49 . . P. L. 4712 

Interval after 21*> 2" 7 ra 42* . . P. L. 1491 

Mean time at Greenwich 23 h 7 m 42* May 21 

Having thus got the correct mean time at Greenwich when 
the lunar distance was taken, we can now deduce the right 
ascension and declination of the moon with greater precision, 
as follows : — 

Mean Sun't R. A. Moon’s R. A. Moon't Jkelin. 

Noon, 21st S"5fl"53*-S 23*> 7 h 55" 24* 23 h 17* 5'12"N. 

Cor. for 23 h 7” 1 42* + 3 48* Cor. for 7“ 42* +16 Cor. for 7“ 42> —1 2 

Sun’s R. A. 4 0 42 Moon’s R. A. 7 65 40 Moon’s Doc. 17 4 10 N. 

. — 1 1 90 

Polar distance 72 55 50 
3. For the Mean Time at Ship. 

Altitude 23° 51' 45" Tab. Parts 

Latitude 50 48 0 Comp, cos 0 ’199263 IHff. for secs. 

Polar dist. 72 55 50 Comp, sin 0’019597 65 — 3250 

2)147 35 35 

4 sum 73 47 474 cos9’446025 724 — 34390 

l sum— alt. 49 56 2J sin 9 ’883829 177+ 443 

19-548714 — 371 97 

— 372 

2)19-548342 

4 Hour angle 36 28 44 sin 9 ’774171 

Hour angle 72 57 28, or 4 U 51 m 50* E. of meridian 
Moon’s R. A. 7 55 40 

R. A. of meridian 3 3 50 

Mean Sun’s R. A. 4 0 42 

Mean time at ship, May 22 0 56 52 before noon 
or May 21 23 3 8 

Mean time at Greenwich 23 7 42 

Longitude W. in time 0 4 34 

Losoititds W., 1° 8' 30" 

* The constant hourly difference in the mean sun’s R. A. is 9-850lQkee 
p . 199), from which the difference corresponding to any number of hours. 
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If in this example the mean time at ship had been found 
before the mean time at' Greenwich, the resulting longitude 
would have been about 4' in error. 

We shall conclude these illustrations with one more 
example. 

3. September 2, 1858, at 4 h 50 m 11 s , as shown by the 
chronometer, in latitude 21°*30' N., the following lunar 
observation was taken, the height of the eye being 24 feet : — • 

06*. all. Sun's L. L. Ohs. alt. Moon's L. L. Ohs. (list. N. L. 



58’ 40' 30” 32° 52' 

Index cor. +2 10 +3 

Required the longitude ? 



San’s Noon Declin. at Gf. 


7’ 56' 46” -5 


Cor. for 4 k 50” 


— 4 26 


Declination 


7 52 21 




90 


Polar distance 


82 7 39 


Sun’s semi-diam. 


15' 53” -8 


Equa. of time 


25-35 


Cor. for 4 h 50“ 


8.85 


Equa. or time corrected 


29-2 Sub. 



Moon’s Hor. Parallax 59' 35” • 
Cor. for 5 h 2" 

Hor. Par. corrected . . 59 37 



20” 65° 32' 10” 

40 - 1 10 



N. Diff. fori 1 ' —54 ”-96 

5 

for 5 h 27480 
for 10'“ 916 

6,0)26,5-64 

— 4' 26" 

Moon’s semi-diaiu. 16' 17" 

Diff. fori 11 +0”-796 * 

5 

for 5 h 3980 

for 10“ 133 

+ 3-847 

Diff. for 12 h +5" -7 
for 5 h +2” 



minutes and seconds may be easily obtained. But there is a table for fur- 
nishing this difference in the Nautical Almanac, page 530. 

The difference between the Moon’s It. A. at23 h , and at the following 
noon, is (by Naut. Aim.) + 2“ 5*, the proportional part of which, for 
7m 42* is + 16*. Also, the difference between the two declinations is 
— 8' 1”, the proportional part of which for 7 m 42* is — 1' 2". 
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1. For the Apparent and True Altitudes. 



Sun. 






Moon. 






Obs. alt. L. L. 




68“ 42' 40" 


Obs. alt. L. L. 


82" 66’ 


<r 


Dip — 4’ 49'') 




4- 1 1 5 


Dip — 4' 


iV ) 




Semi. + 15 54 5 






Semi. + 16 


17 r +11 


37 


App. alt. 




58 53 45 


Aug. + 


9 J 


_ 


Ref. — Par. 




— 30 


App. alt. 


33 7 


37 


True alt. 




58 53 15 


Cor. of alt. 


+ 48 


26 








True alt. 


33 66 


3 




2. 


For the Mean Time at Ship. 




Sun’s alt. 58° 


53' 


15” 




Tab. 


Parts 


Latitude 21 


30 


0 Comp, cos 0 ’031322 


Diff. for secs. 


Polar dist. 82 


7 


39 Comp. 


sin 0-004124 


29 — 


1131 


2)162 


30 


~5i 








£ sum 81 


15 


27 


cos 9-182196 


1369 — 


36963 


£ sum — alt. 22 


22 


12 


sin 9-580392 


511 + 


6132 








18-798034 


— 


319,62 








— 320 












2)18-797714 






£ Hour angle 14 


30 


31* 


sin 9-398857 







2 



Hour angle 29 1 3 or l h 56” 4' Apparent time at ship 

Equation of time — 29 

Mean time at Ship 1 55 35 

[The hour-angle deduced above is rather small — too small 
for the ship time derived from it to be depended upon as 
accurate, except in particular circumstances. But, as noticed 
at p. 196, when, as in the present example, the place of 
observation is between the tropics, and the declination is of 
the same name as the latitude, the hour-angle may be much 
smaller than under other circumstances, without affecting 
the accuracy of the result. When the sun’s hour-angle 
exceeds 2 h , as in general it should, it may be found by 
Table XVIII of the Mathematical Tables, from twice the 
Sine of the £ hour-angle. (See p. 255.)] 
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3. For the True Distance, the G. Time, and the Longitude. 

Obs. dist. 65” 81' 0" \ App. dist. 66” 8' 20" nat. cos 405850 

Bun’s semi. + 15 54 > . {58 53 45 

Moon’s + Aug. + 10 26 > PP ' l 33 7 37 

Bum 92 1 22 nat. cos — 035297 + 

370553 Multiplier. 



, 58” 53' 15" Diff. 25 46 8 nat. cos 
True aits. 1 33 56 3 

bum 92 49 18 nat. cos — 049228 

Diff. 24 67 12 nat. cos 906652 



900556 + 
865259 Divisor. 



857424 Multiplicand. 

355073 

2572272 

600197 

4287 

429 

26 

S»0 > 5 l 2 v 5 1 9)3177211( 867198 

2595777 + 049228 

581484 416426 nat. cos 66“ 28' 27" 

519155 

62279 

60568 

1711 

865 

846 

779 

67 



True distance 


65° 


23' 


27” 


Dist. at 3 h (N. A.) 


66 


24 


23 P. L. of Diff. 2537 — 




1 


0 


~56 . . . P.L. 4704 


Interval of time 


1» 


49" 


* 18* . . . P.L. 2167 


Correction p. 526 (N.A.) 






+ 1 


Mean time at Green. 


S^ + l 


49 


19 


Mean time at ship 


1 


65 


35 


Longitude W.'in time 


2 


53 


44 Longitude 43° 26' W. 



And the error of the chronometer is 52 s fast on Greenwich 
mean time. 
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It now merely remains for us to give the blank form for a 
sun-lunar. 

Blank Foem. — Longitude ly Sun-Lunar. 

Estimated mean time at ship . . h . 



Estimated longitude in time . . 


. . ( — for E. and + for W. ) 


Greenwich date 


.. (May be had from Chron.) 


Sun’s noon declin. at G. . ,° .." 

Cor. for time past G. noon 


Diff. for 1* . ." 

x . . Hours past noon 


Declin at G. date 


#0 


6.0) 


Polar distance 


..' .." Cor of declin. 


Sun's eomi-diameter ..' 

Equa. of time (p. I., N. A.) . .« . 
Cor. for time past G. noon 


Moon’s semi-diameter 
Diff. for 1» 

X . . Hours past noon 


Equa. or tine at G. date . . . . 






. ." Cor. of Eq. of time 


Moon’s Hor. Parallax .." 

Cor. for time past G. noon 


Diff. for 12k 

X . . Hours past noon 


Hob. par. at G. date . . . . 


12)“ 




.." Cor. of Hor. Par. 



1. For the Apparent and True Altitudes.* 

Sun. I Moon. 

See Blank Form, p. 113. I See Blank Form, p. 126. 

2. For the Mean Time at Ship, from the Sun’s Alt. 

See Blank Form, p. 195. 

* The blank forms for these it is scarcely necessary, at this stage of 
the learner’s progress, even to refer to : the operations for deriving the 
apparent and true altitudes, whether of the sun or of the moon, from the 
observed altitude, are of such frequent recurrence, and, moreover, are so 
simple and obvious, that there can be no necessity to consult a form for 
them in working out the present problem. 
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3. For the True Distance. 

Correct the observed distance for the two serai-diameters, 
taking account of the augmentation of the moon’s semi- 
diameter, the same as in step 1; the result will be the 
apparent distance, with which and the apparent altitudes 
proceed as in the Form at p. 230 to find the true distance. 



4. For the Longitude. 



True distance 

Next earlier diet. (Naut. Aim.) 



Interval of time 
Cor. p. 626 Naut. Aim. 

True interval of time 

Time of earlier diet. + 

Mean time at G. 

Mean time at ship 

Longitude In time 



P. L. of dilL .... Diff. from next P. L. . . 

k With this diff. and tho 

' | interval of time, find the 

. h ,. m ..* P. L correction of that interval 

. . in the Table at p. 526 N. A. 

. h . . ■ . .• after time of earlier diet, in Naut. Aim. 



\ Losoitude ..* ..' .." 



Note. — When from the sun being too near the meridian, 
or from any other cause, the time at the ship must be 
deduced from the altitude of the moon instead of from that 
of the sun, then the true distance, and thence the mean 
time at Greenwich, should be obtained before the mean time 
at ship is computed, as in Example 2. The Blank Form for 
determining the time from the moon’s altitude is the 
following : — 



Time at Ship from the Moon’s Altitude , and Time at Greenwich. 



Mean Sun s It, A. 
R. A. at 0. noon . . h 
Cor. for time past noon 



Moon’s R. A. 
R. A. at tho hour 
Cor. for miu. and see. 



Moon’s Dcclin. 

At the hour ..* ..' .." 
Cor. . . . . 



It. A. at G. date It. A. at G. date 



Doc. G. date . . 

90 



Polar distaxcf. 



At 3 
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True alt. 
Latitude 
Tolar (list. 



3. For the Mean Time at Ship. 

. . ." Tab. Biff. Ptt. for tecs. 



Comp, cos . 
Comp, sin 



2 ). 



i sum 

4 sum — alt. 



cos . 
sin . 






• • a + 

Cor. for secs. 



Cor. for secs. 



2 ). 

sin 



| Hour angle . .* . .' . ." 

Hour angle , or in time . . h 

Moon’s R. A 



R. A. of meridian 
Mean sun’s R. A. 

Mean time at ship 
Mean time at Green. 

Longitude in time 



(Sum if W., Diff. if E. 
of Merid.) 



Lone. 



Note. — In the work for clearing the observed distance 
from the effects of parallax and refraction, the cosines, 
although all decimals, may always be treated as whole 
numbers, as in the examples already exhibited. It may 
sometimes happen that when tho cosines of the apparent 
distance, and the sum of the apparent altitudes, have con- 
trary signs, they may be so nearly equal that their algebraic 
sum (in this case their numerical difference) may have a 0 
in the place of the leading figure. It is best always to 
actually insert this 0 in the resulting multiplier; and in 
employing the multiplier, as such, to put the 0 in the unit’s 
place, just as we should do if it were a significant figure, 
commencing the work of multiplication, however, with the 
next figure, rejecting, as in all other cases, the unit’s figure 
of the multiplicand. It will generally be found that in the 
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subsequent division the first place of the quotient will also 
be a 0, and that a significant figure can be given only after 
cutting off the unit’s figure of the divisor. Attention to 
these particulars is necessary in order to avoid writing the 
figures of the quotient each a place to the left before its 
true place. 

These remarks are not to be regarded as pointing to any 
distinction of cases, because there is no such distinction: ali 
that the computer has to bear in mind is, that each of 
the three numbers, multiplier, divisor, and multiplicand, 
is to consist of at least six places ; which number of 
places is not to be diminished by suppressing leading zeros, 
unless, indeed, the operations with these numbers be per- 
formed by logarithms, when the leading zeros are, of course, 
to be rejected. 

Of the two factors marked multiplier and multiplicand, 
either may, of course, be placed under the other. It some- 
times happens that the right-hand places of the latter are 
occupied by zeros : when such is the case, it will be better 
to make it the multiplier, and the other factor the multipli- 
cand; for in reversing this multiplier the zeros have'no 
influence. We shall now give an example or two for 
exercise. 

Examples for Exercise: Longitude from Sun-Lunar. 

1. January 21, 1858, at about ll h a.m. estimated mean 
time, in latitude 40° 16' S., and longitude by account 
106° 30' E., the following lunar was taken : — 

Obs. alt. Sun's L. L. Obs. alt. Moon's U. L. Obs. dist. N. L. 

6S° 17' 16° 9' 36" 70° 27' 20" 

Index cor. +2' Index cor. +4" Index cor. — 2' 15" 

• 

The height of the eye was 17 feet : required the longitude to 
the nearest minute ? Ans. longitude 105° 44' E. 

2. May 18, 1858, at 4 h 30 m p.m. mean time by estimation, in 
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latitude 14° 2<y N., and longitude by account 58° 30' E., the 
following lunar was taken : — 

Obs. alt. Sun's L. L. Obs. alt. Moon's L. L. Obs. dist. N. L. 

83° 28' 20” 69° 13' 10’ 71° 36' 40’ 

Index cor. — 4' 10" Index cor. +2' 20" Index cor. — 1' 30’ 

The height of the eye was 24 feet : required the longitude to 
the nearest minute ? Ans. longitude 56° 50' E. 

3. September 11, 1858, when the chronometer showed 
4’* 30 m Greenwich mean time, in latitude 48° 38' 7* N., the 
following lunar w as taken : — 

Obs. alt. Sun’s L. L. Obs. alt. Moon's L. L. Obs. dist. N. L. 

62° 8' 28° 14' 10’ 60° 33' 23- 

Index cor. + 2' Index cor. — 2' 10" — 1' 5" 

The height of the eye was 24 feet : required the longitude, 
and the error of the chronometer on Greenwich mean time ? 
Ans. longitude 39° 15' W.: error of chron. 6 m 5 6* fast. 



longitude ly a Star-Lunar. 

"When the observed distance is that between the moon 
and a fixed star, instead of between the moon and the sun, 
the computations for the ship’s time become a little modi- 
fied. In the case of a fixed star, we have nothing to do with 
either parallax or semi-diameter, nor does the declination, as 
given in the Nautical Almanac for the day of observation, 
require any correction to adapt it to the instant when that 
observation is made. But whenever time is to be deduced 
from any celestial object other than the sun, Bight Ascen- 
sions must always enter into the work. The star’s hour- 
angle at the instant of observation is obtained exactly as the 
sun’s hour-angle is obtained, but the former, in itself, can 
give us no information as to the time, W'hich is necessarily 
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the hour-angle of the mean sun at that instant, and which 
in astronomical reckoning is always the time past the pre- 
ceding noon. 

Now, without any direct observations on the sun, this 
hour-angle at once becomes known, provided we know the 
R. A. of the sun and the R. A. of the meridian at the instant 
referred to. The K. A. of the meridian is obtained from that 
of the star and the star’s hour-angle at the instant : If the 
star be to the E. of tho meridian, its R. A. (or this + 24 h ) 
diminished by its hour-angle is the R. A. of the meridian ; 
and if it be to the \V. of the meridian, its R. A. increased by 
its hour-angle — or the excess of the sum above 24 h — is the 
R. A. of the meridian. 

The R. A. of the meridian being thus obtained, w r e have 
only to subtract from it (increased by 24 h , if necessary for 
this purpose) the R. A. of the mean sun in order to get the 
mean sun’s hour-angle from preceding noon, — that is, the 
mean time after that noon. These matters, however, have 
been sufficiently dwelt upon in Chapter IV, and after what 
has been done in the preceding article the student can 
require no additional instructions to render the following 
work of a star-lunar intelligible. 



Examples : Star-Lunar. 

1. August 7, 1858, at about half-past 3 o’clock in the 
morning, in latitude 49° 40' N., and longitude by account 
61° SOI AY., the following star-lunar was taken: — 

Obs. all. Aldebaran E. 

of Meridian. Obs. all. Moon's L. L. Obs. dint. N. L. 

32° 17' 10" 32° 24' 40’ 41° 27' 50" 

Index cor. — 2 IS Index cor. + 2 10 Iudex cor. — 3 20 

The height of the oye was 20 feet ; required the longitude ? 
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Time at ship. Aug. 6 15 b 30“ 

Longitude W. in time . . . .46 

Estimated mean time at G. . . . 19 36 



Moon’s somi-diametor 1C' S3" Horizontal parallax. 60' 3 i>" 

Mean sun’s R. A., noon. Aug. 6 . 8 b 58” 55**62 Hourly diff. 4- 9**856 
Correction for ID* 1 36” . . . + 8 13 10 



Mean sun’s R. A. at est. time 


. 9 2 9 




88704 

9836 


Star's R. A. 


. 4 h 27” 48* 


Cor. for 19 b 


187-264 


Star’s declination 


. 16’ 13' 26" 


for 30“ 


4-928 




90 


for 6” 


•986 


Polar distance 


. 73 46 34 




193*= 8“ 13** 



1. For the Apparent and True Altitudes . 
Star. I Mook. 



Obs. alt. 


32° 


14' 


52' 


Dip 




-4 


24 


App. alt. 


32 


10 


28 


lie fraction 


* 


-1 


32 


True alt. 


32 


8 


56 



Obs, alt. 




32° 


26' 


50" 


Dip — 4' 


24" -I 








Semi. + 16 


33 1 


+ 


12 


19 


Aug. 


+ 10J 








App. alt. 




32 


39 


9 


Cor. of alt. 




+ 


49 


29 


True alt. 




33 


28 


38 



* This correction may be obtained from the Table given at page 530 of 
the Nautical Almanac. 

The Table here referred to shows by how much the mean sun’s right 
ascension is increased in a given interval of mean time. In the above 
example the quantities taken out of the Table would be the following : — 

Increase of B. A. in 19 b . . . 3 m 7*’273 

„ „ in 36“ . . 5 -914 

• „ ,, in 19 h 36“ . . 3“ 13‘ 

In general the correction for the increase of the mean Bun’s It. A., due to 
the time past Greenwich noon, may be more expeditiously found by help 
of this Table than by working for it as above. 

The hourly difference of the E. A., to four places of decimals, as given 
in the Nautical Almanac, is 9* ’8565 : if the additional decimal be annexed 
to those in the text, the decimals in the correction for 19’* will agree with 
those here extracted from, the Almanac. 
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2. For the Mean Time at Ship. 



Alt. (Star) 


32° 


8' 


56" 








Latitude 


49 


40 


0 


Comp, cos 0-188939 






Polar dist. 


73 


46 


34 


Comp, sin 0-017669 


61 — 


2074 




2)155 


35 


30 








1 sum 


~rF 


47 


45 


cos 9-325534 


973 — 


43785 


-J sum — alt. 45 


38 


49 


sin 9-854233 


206+ 


10094 










19-886375 




— 357,65 










— 358 














2)19-386017 










29° 


33' 


0" sin 9-693009 







2 



Star’s hour-angle 59 6 0, or 3 h 56 m 24’ E. of meridian 



Star’s II. A. 


4 


27 


48 


R. A. of meridian 


0 


31 


24 to be increased by 24 h 


R. A. of mean son 


9 


2 


9 


Mean time at ship 


15 


29 


15 



[As noticed at page 246, the hour-angle determined above 
may be otherwise expeditiously found, so soon as the result 
19-386017 is obtained, by entering Table XVIII (Mathe- 
matical Tables) with 9-386017 : thus — 

Given number 9*386017 

Tab. numb, next less 9-384678 3 U 56'“ 

Tab. difference 5568) 133900*(24> 

11136 

22540 

Hence, the hour-angle in time is 3 b 561 24 s , as above. And 
in this manner may the hour-angle in time be always 
determined.] 

* Two zeros are always to be annexed to the remainder. 
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3. For the True Distance, the 0. Time and the Longitude. 



Obs. dist. 41° 24' 30" 

Moon’s semi. + Aug. + 16 43 



True nits. 



32° 8' 56" 

33 28 38 



App. dist. 


41° 


41' 


13" 


' nat. cos 746791 


S 


32 


10 


28 




App. alts. S 


32 


39 


9 




Sum 


64 


49 


37 


nat. cos 425354 + 










1172145 Mult. 


Difference 


0 


2S 


41 


nat. cos 999962 + 



1425316 Div. 



Sum 65 37 34 nat. cos 412690 

Difference 1 19 42 nat. cos 999730 



1412420 Multiplicand. 
5412711 



1412420 

141242 

98869 

2825 

141 

56 

7 

1 > 4.2 > 5,3 > 1 > 6)1655560( 1161539 
1425316 — 412690 



230244 748849 nat. cos. 41° 30' 33" 

142532 



True dist. 


41° 


30' 


33" 






87712 


Dist. at lS b 


40 


36 


47 


r. L. diff. 


2254 


85519 




0 


53 


46 


. . . P. L. 


5248 


2193 


Interval 


1* 


30" 


20‘ 


. . . P. L. 


2994 


1425 


Correction (N. A.)* 


+4 




— 


768 


True interval 


IK 


30" 


24* 


after I8 k 




712 




18 










56 


Mean time at 6. 


19 


30 


24 






43 


Mean time at ship 


15 


29 


15 






13 


Long. W. in time 


4 


1 


9 


.•. Longitude 60' 


’ 17' 15" W. 



* As in former cases, this correction is got from the Table at page 526 
of the Nautical Almanaoi The difference between the P. L. for 18 h and 
that for 21 h is 13, the P. logs being decreasing ; and under this difference 
in the Table, and against the interval l h 30 m , we find the correction + 4. 
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2. September 18, in latitude 28° 45' 11" S., when the 
chronometer showed 5 h 12 m 30* Greenwich mean time, the 
following star-lunar was taken : — 

Obs. alt. Ant ares W. of 

Meridian. Obs. alt. Moons L. L. Obs. dist. N. L. 

52° 18' 40" 41° 36' 10" 56° 7' 40" 

Index eor. — 3 10 Index cor. +4 20 Index cor. +4 50 

Bequired the longitude, and the error of the chronometer, 
the height of the eye being 20 feet ? 



Mean time at G. by chronometer 5 h 12 m 30* 

Moon’s semi-diameter 14' 58" Horizontal parallax 54' 44" 



Mean sun’s It. A., noon, Sept. 18 
Correction for 5 h 12 m- 5 (N. A., p. 530)* 

Mean sun’s R. A. at G, time by chron. 

Star’s R. A 

Star’s Declination . 

Polar distance 



ll h 48 m 27-47 
+ 51-34 

11 49 19 



16 h 20“ 
26° 7' 
90 



45* 

2" S. 



63 52 58 



1. For the Apparent and True Altitudes. 



Stab. 



Obs. alt. 


. 52° 


15' 


30' 


Dip 


. 


-4 


24 


App. alt. 


. 52 


11 


6 


Refraction 


• 


- 


-45 


True alt. 


. 52 


10 


21 



Moon. 

Obs. alt. . . 41° 40' 30" 

Dip. — 4' 24" I 

Semi. +14 58 V +10 44 

Augm. +10 J 

App. alt. . . 41 51 14 

Cor. of alt. . . + 39 41 

True alt. . . 42 30 55 



* At the page of the Nautical Almanac here referred to, we hare — 



Correction for 5 11 
12 "‘ 
30* 



49-2824 
1 -9713 
•0821 



Cor. for 5 h 12® 30* 



61 -3358 
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2. Por the Mean Time at Ship. 



Star’s alt. 


62° 


10' 


21" 








Latitude 


28 


45 


11 


Comp, cos 0 - 057136 


115 + 


1265 


Polar dist. 


63 


52 


58 


Comp, sin 0-046834 


103 - 


5974 




2)144” 


48 


~30 








i Bum 


~n 


24 


15 


cos 9-480589 


664 — 


9960 


i sum — alt. 


20 


13 


54 


sin 9*538538 


571 + 


30834 



19-123047 + 161,65 

+ 162 



2)19-123209* 

21 22 19 sin 9-561604 

2 

Star’s hour-angle 42 44 38 or 2 h 50 m 59 s W. of meridian. 



Star’s E. A. 16 20 45 



R. A. of meridian 


19 


11 


44 


E. A. of mean sun 


11 


49 


19 


Mean time at ship 


7 


22 


25 



* If, stopping here, we enter Table XVIII of the Mathematical Tables 
with the number 9-123209, we shall get the hour-angle as at page 255, 
thus — 

Given number . . . 9-123209 

Tab. numb, next less . . 9-118468 . . . 2 h 50 ra 

Tab. difference 8095) 474100(59* 

40475 

69350 



Hence the hour-angle is 2 1 * 50 “ 69*, as above, fractions of a second being 
disregarded. 
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S. For the True Distance , the 0. Time , and the Longitude. 



Obs. dist. 5(Jh 12» 30" 

Moon’s semi. + Aug. +15 8 



App. dist 66' 27' 38" nat cos 
6 



552510 



App. alts. | 62 11 8 

1 v 1 41 61 14 



bum 



94 



True 



*■ «r 



10 ' 21 " 
SO 65 



Difference 10 19 



20 nat cos— 070434 + 

482076 Mult 
52 nat. cos 988786 + 



Bum 

Diflorence 



94 41 16 
9 39 26 



913352 Div. 



nat. cos — 081726 
nat. cos 985830 



904104 Multiplicand 
670284 



3616416 

723283 

18082 

633 

54 



9,1 > SA5 1 2)435S468( 477195 



True dist. 


66° 1' 


8" 




3653408 + 081726 

705060 658921 1 

639346 

65714 


Dist. at 3 h 


54 46 


8 P.L. oi diff. 2SG5 


63935 




1 15 


0 ...P.L. 


3802 


1779 


Interval of time 


2*» 27® 


26* . . . P. L. 


0837 


913 


Corr. (N. A. p. 526) 




2 


“ 


866 


True interval 


2" 27" 28* after 3 h 




822 




3 






44 



Mean time at G. 
Mean time at ship 

Long. E. in time 

Mean t. at G. by eh. 

Error of chron. 



6 h 27" 
7 22 



28* 

25 



1 54 57 Lonuitude 28° 44' 15" E. 



5 12 30 



0 14 58 Slow on Greenwich mean time. 



As this error is considerable, it will be proper to ascertain, 
and allow for, its influence on the Sidereal Time, or the 
It. A. of the mean sun. By turning to page 530 of tho 
Nautical Almanac, we find that the correction — or the 
acceleration of R. A. — for 14 m 58* is -f 2 s : hence the true 
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mean time at ship is 7 h 22“ 23 s , and consequently the true 
longitude is 28° 43' 45" E. 

If the work of the multiplication and division be per- 
formed by logarithms, instead of by common arithmetic, as 
above, the operation will be as at p. 230, or as follows : — 

f Prop. Parts. 



482076 


log 5-683047 


63 


904104 


log 5-956216 


5-4 






1-88 


913352 


Arith. comp, log 4-039387 


23-5 




46 


■94 


477195 







Blank Form . — Longitude by Star-Lunar. 

Estimated mean time at ship . . h . . m 

Estimated longitude in time . . . . ( — for E. and + for W.) 

Estimated Greenwich date . . . . (May be had from Chron.) 

At G. date : moon’s semi-diameter . . ." Hor. parallax . .* . .” 

Mean sun’s R. A., or sidereal time at G. noon . . h . . ra . .* 

Cor. for G. time past noon (Naut. Aim. p. 530) + . . . . 



Mean sun’s R. A. at Greenwich date 





Star’s R. A. 


( in t # s 




Star’s declination 


o / n 






90 




Polar distance 




1. For the Apparent and True Altitudes. 




Star. 


Moon. 


Obs. alt. 


O / f| 


Obs. alt. . 


Dip 


— . . . . 


Dip -. .' . ."I 


App. alt. 


• • • • • • 


Semi >■ 


Refraction 





Augm. . . J 


True alt. 





App. alt. 

Cor. of alt. + . . . . 






True alt. 
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2. For the Mean Time at Ship from Star's Altitude. 



Star’s alt. 
Latitude 
Polar dist. 



Comp, cos 
Comp, sin 



2 ). 



i sum cos 

h sum — - alt. . , , . . , sin 



Tab. Parts 

Diff. for secs. 

. . • + .... 



. . . Cor. for secs. 



2 ). 



2 



sin 



Star’s Hour angle or . . h . .“ 

Star’s R. A 

R. A. of meridian . . . . 

R. A. of mean sun . . . . 

Mean time at ship . . . . 



. f (— ifE. or + if W, of 
l meridian) 



f (to be increased by 24 b , if 
L less than R. A. of sun) 
j (to be subtracted from R, 
l A. of mer.) 



Obs. dist. 


8. For the True Distance. 
..* ..' \ App. dist. ..* , 






Moon's semi. +Aug. 


.. .. j App. alts. | 








Sum 


. nat. cos . . . 


. . . + 






. . . 


. . . Mult. 




Difference 


. nat. cos . . . 


• • • + 


True alts, f 




• • a 


. . . Div. 



Sum nat. cos 

Difference nat. cos 

Multiplicand 

Multiplier revorsed 

Divlsor)Product( Quotient. 

* = nnt. cossumoftruealts.(8ub.) 

Remainder — nat. cos true distance. 
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4. For the Greenwich Mean Time and Longitude. 

True distance . . .' . ." Diff.* 

Next preceding dist. (Naut. Alin.) P. L. of diff. 

. . . .7 P. L 

Interval of time . h . . m . .* P. L 

Correction (Naut. 'Aim. p. 526) 

True interval 

Time of preceding dist. 

Mean time at Greenwich 

Mean time at ship 

Longitude in time \ Longitude . 



The difference between the above mean time at Green- 
wich, and the time shown by the chronometer, will be the 
error of the chronometer on Greenwich mean time at the 
instant of observation. If the error have been found at any 
previous instant, the difference of the errors will be the 
accumulated rate during the interval ; and this divided by 
the number of days in that interval will be the daily rate. 

Examples for Exercise : Longitude by Star-Lunar. 

1. August 5, 1868, in latitude 24° 18' N., and longitude 
by account 11° 16' E., the mean time at ship per watch 
being ll h 15 m p.m., the following star-lunar was taken : — 

a Pegasi E. of 

Meridian. Moon's L. L. Dist. N. L. 

Obs. alt. 46° 35' 0" Obs. alt. 56°26'10’' Obs. dist. 94° 32' 10" 
Index cor. + 1 30 Index cor. — 2 0 Index cor. +4 10 

The height of the eye was 24 feet : required the error of the 
watch on ship mean time, and the longitude ? 

Ans. error of watch 18 m 22 * fast ; 
longitude 11° 9' 15" E. 

* Tbis is the difference between the P. L. taken from the Nautical 
Almanac, and the P. L. next following ; it is required, in conjunction with 
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2. September 5, 1858, in latitude 8° 24' S., when the 
chronometer, known to be 7 m 2* slow on Greenwich mean 
time, showed 18 h 40 m 8", September 4, the following star- 
lunar was taken early in the morning : — 

Aldebaran E. of 

Meridian, Moon's L. L. • Diet, remote Limb. 

Obs. alt. 36° 30' O' Obs. alt. 57° 28' 20' Obs. diet. 65° 4' 42' 

Index cor. +4 0 Index cor. +2 20 Index cor. — 2 10 

The height of the eye was 20 feet : required the additional 
error of the chronometer, and the longitude of the ship ? 

Ans. additional error of the chronometer 7* slow ; 
longitude 66° 57' 30'' W. 

In all the foregoing examples the mean time at the ship 
has been deduced from the altitudes employed in clearing the 
lunar distances ; but, as already remarked (pages 104, 242), 
neither the moon nor a star is so eligible for the determina- 
tion of time as the sun; and even the sun, either from 
proximity to the meridian, or to the horizon, may not be in a 
favourable position for the purpose, when the distance 
between it and the moon is taken. Now, as in determining 
the longitude, it is just as important to know accurately 
the time at the place of observation, as the time at 
Greenwich, it is often necessary to observe for ship-time 
either before or after the lunar distance is taken, and thence 
to deduce the time at the place where, and at the instant 
when, that distance was observed. And here, again, the 
chronometer performs an important office : it furnishes us — 
with all needful accuracy — with the interval of time between 
observations for ship-time and those for the distance, which 
interval is of course not affected by the error of the chrono- 
meter, and only in a very minute degree by its daily rate ; 
which, however, if known, may be allowed for. 

If the time at ship be determined at a place A, and the 

the approximate interval of time, for finding the correction of that interval 
given at p. 52<i of the Almanac. 
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lunar distance be taken at another place B, the interval of 
time between the two sets of observations — corrected for 
the difference of longitude between A and B — being added 
to the time at A, if the ship was at A before it was at B, or 
subtracted in the contrary case, will give the time at B 
when the ship was there ; that is, when the distance was 
taken. 

The following skeleton form will sufficiently indicate what 
steps are necessary to find the time at B when the distance 
was observed there, from knowing the time when the ship 
was at A, tho interval between the chronometer times when 
at A and at B, and the difference of longitude between A 
and B. 

Mean time by chronometer when at A . 

B 

Interval of time by chronometer 

Correction for gain or loss in that interval 

Interval of time corrected for rate 

Biff. long, of A and B in time . . . . * 

Interval of time corrected for diff. long. 

Mean time at ship when at A 

B 

. . at Greenwich when at B 

Longitude of ship in time when at B 

It has already been remarked, that although an altitude 
from which the time at the place where it is taken is to be 
deduced, should be measured with all practicable accuracy, 
yet for the purpose of clearing tho lunar distance merely, a 
like precision in the altitudes is not indispensably necessary. 
But circumstances may arise, from an obscure horizon or other 
causes, which may preclude the observations for altitudes 
altogether, though the distance may be readily taken. In 

* If B is to the cast of A, this must be added : if to the west, it moat 
be subtracted. 
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such circumstances, the altitudes for clearing the distance 
must be determined by computation. 

In order to compute the altitude of a celestial object at 
any instant, we must know the object’s hour-angle with the 
meridian at that instant, and this requires that we know the 
time . 

If the object be the sun, the time itself — corrected for 
the equation of time — is the hour-angle ; but if the object 
be the moon or a star, the hour-angle will be the difference 
between the It. A. of the object and the R. A. of the 
meridian at the proposed instant ; and to get these right 
ascensions, the time at the place for which the altitude 
is required must be known. 

To find the time at a place B, where a lunar distance is 
taken, by means of the time at a place A, where altitudes 
are taken, the foregoing blank form suffices. And for deter- 
mining the time at A, ample directions have already been 
given in Chapter IY. 

The time at B when the lunar distauce was observed, and 
thence the hour-angle of each object with the meridian being 
found, the declinations at the time, and the latitude of 
B being also known, it will be easy to compute the cor- 
responding true altitudes; and thence, by applying the 
usual corrections for altitude the contrary way, to get the 
apparent altitudes when the distance was observed ; so that 
we shall have all that is necessary for the determination of 
the true distance, and thence the longitude of the ship when 
at the place where the distance was observed. 

How the true and apparent latitudes of an object are to 
be computed when the object’s hour-angle, its declination, 
and the latitude of the place are given, may be explained as 
follows : — 



Computation of Altitudes. 

Deferring to the diagram at page 151, or to that at page 
172, we have, in the spherical triangle P ZS, the following 

x 
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quantities given, namely : — The co-latitude P Z, the polar 
distance P S, and the hour-angle P, given, to determine the 
co-altitude Z S ; that is, there are given two Bides and the 
included angle of a spherical triangle to determine the third 
side. 

Formula) for the solution of this case have already been 
investigated at page 152. If in imitation of what is there 
done, we put — 

tan Z P cos P = cot a — ° t-~- • • • • (1) 
sm a 

we shall have — 

„ „ cos Z P sin (a + S P) 
cos io : 

sin a 

. cos Z P sin (a + S P) 

sin alt. — : — .... (-2) 

sin a 

It will be observed here that of the trigonometrical quan- 
tities tan Z P, cos Z P, cos P, the only one that can ever 
become negative is cos P. When such happens to be the 
case, that is, when the hour-angle exceeds 90°, (1) is nega- 
tive, and therefore if in this case we take cos P positive, the 
formula (2) will become 

. cosZP8in(o — SP) ,q\ 

sm alt. = : . ... (o) 

sm a 

which may always be employed when the hour-angle exceeds 
90°. We do not say that it must be employed, because the 
form (2), as well here as at page 152, is applicable to all 
cases ; but then, in using it, where it may be replaced by 
(3), the influence of the signs of the trigonometrical quan- 
tities must not be overlooked. When cos P is negative, 
cot a will be negative, so that the angle a will be the supple- 
ment of that furnished by the Tables : this supplement, 
added to S P, will always give an angle a' + S P, such that 
sin (a'+ S P) will be the same as sin (a — S P) ; but by 
using the latter the trouble of taking supplements is avoided. 
When P exceeds 90°, a will necessarily exceed S P, otherwise 
the sine of the altitude would be negative, which is impos- 
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Bible.* And it may, therefore, be further observed that 
S P can never be subtractive when the latitude and declina- 
tion are of contrary names : in fact, for the hour-angle in 
this case to exceed 90°, the object must be below the horizon. 

Note. — Since the altitudes employed in clearing the 
lunar distance are not required to the same degree of 
precision as those used in finding the time, it will be suffi- 
cient if they are computed to within 20" or 30" of the truth. 



Examples of Computing Altitudes. 

1. Given the co-latitude ZP=51° 56', the polar distance 
S P = 64° 13', and the hour-angle P = 33° 30', to find the 
altitude of the star. 



Z P 51* 46' 0" 

P 33 30 0 

a 43 22 30 

SP 64 13 0 

o + SP 107 35 30 



tan 10 103548 cos 9-781596 

cos 9-921107 a Ar. comp, sin 0-163188 

cot 10-021655 a + S P sin 9-979200 

Trde alt. 59° 12' 9" sin 9 933984 

Refraction + 35 

App. ALT. 59 12 44 



If the object had been the sun instead of a star, we should 
have had to have subtracted 5” from this result for parallax, 
so that the apparent altitude would have been 59° 12' 39". 

Although, as stated above, the true altitude need not be 
computed to extreme nicety as regards the seconds, yet small 
corrections such as this, to reduce the time to the apparent 
altitude, must not be neglected : the relative measures of 
the true and apparent altitudes must be scrupulously pre- 
served, as the formula for clearing the observed distance 
sufficiently implies. On this account, when the object 
whose altitude is to be computed is the moon, the correction 

* It may be remarked in reference to the formula (2) page 152, that 
since, as there noticed, (2) would be negative if S P and S were each to 
exceed 90°, such a case cannot exist ; for cos Z P is always positive. 

n 2 
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of altitude, applied to the true altitude as above, gives a 
result which should be regarded as only the approximate 
apparent altitude ; because, in the Tables, this correction is 
adapted to the apparent and not to the true altitude; so 
that, when the approximate apparent altitude is obtained 
from the true, as above, we should again refer to the table, 
entering it now with this close approach to the apparent 
altitude, and take out the true correction of it : the correction 
previously applied belonging to an altitude somewhat too 
great. Tor example : Suppose that in the instance above, the 
object had been the moon, and that its horizontal parallax at 
the time had been 54' 50" ; then, referring to the table of 
“ Correction of the Moon’s Altitude,” entering it with this 
horizontal parallax, and with the true altitude, 59° 12' 9", as j 

if it were the apparent altitude, we find the corresponding 
correction to be 27' 30", which must be regarded as an 
approximate correction only, thus — 



Moon’s true altitude 


. 59° 12' 


9" 


Approximate correction 


— 27 


30 


Approximate app. alt. . 


. 58 44 


?9 


Cor. due to this app. alt. 


— 27 


51 


Appabemt Altitude 


. 58 44 


18 



And even this is a second too great, as the Table shows ; 
so that the correct apparent altitude is 58° 44' 17". 

In the case of the sun or a star, the approximate correc- 
tion will seldom differ by so much as a second from the true 
correction ; and therefore need not in general be modified. 

2. September 2nd, 1858, in latitude 21° 30' N., and longi- 
tude, 43° 18' W., by account, the distance between the sun 
and moon was taken, but the moon being near the horizon it 
was resolved to find its altitude by computation. The mean . 
time at the ship, as determined from altitudes of the sun, was 
found to be l h 65 m 35* : required the altitude of the moon ? 
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Mean time at ship . 
Longitude W. in time . 

Greenwich date of obs. 



1" 55™ 35* 
2 53 12 

4 48 47 



Mean Sun's Jt. A., and It. A. of Meridian. 

R. A. at Greenwich, noon 
Correction for 4 h 48 m 47* 



Mean Sun’s R. A. 
Mean time at ship 

R. A. of meridian 



10 1 - 45"- 22-61 
47 -44 

10 46 10 
1 55 35 

12 41 45 



Moon's R. A., Declination, Hor. Parallax, and Hour-angle. 



R. A. at 4 h 


6" 


lS m 


28* 


Declin. at 4 h 


28* 10' 


l 1 


Cor. for 48™ 47* 




2 


12 


Cor. for 48™ 47* 


— 2 


10 


Moon’s R. A. G. date 


6 


20 


40 


Declination 


28 7 


51 


R. A. of meridian 


12 


41 


45 




90 




Moon’s Hour-angle 


8 


21 


5 


Polar Dist. 


61 52 


9 


or 


95“ 


16' 


15” 








Moon’s Hor. Parallax 




59' 


35” -1 


Diff. for 12 h 


+ 5"-7 




Correction 






+2 


for 5 h 


+ 2 




Hor. Par. G. date 




59 


37 









latitude 
Hour angle 

at. 

Polar dist. 
a-SP 



Compulation of the Moon's Altitude. 



2i* 


30' 


0” 


cot 10-404602 


. . . 


9 564075 


95 


16 


15 


cos 8’963134 ot 


Ar. 


comp, sin 0-011501 


76 


52 


20 


cot 9-367730 


at, 


— SP sin 9-413083 


61 


62 


9 


True alt. 6’ 


35' 


30" sin 8-988659 


15 


0 


ii 


1st correction — 


-60 


to 

to 








Approx, app. alt. 4 


44 


8 








2nd correction — 


-49 


4 








4 


46 


26 








3rd correction 


- 


- 4 








App. ai.t. 4 


46 


22 



The following ia the blank form for these operations : — 
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Blank; Fobh : Computation of the Moon's Altitude. 
1. For the Greenwich Date. 

Mean time at ship . . h 

Longitude in time 

Greenwich date of obs. 



2. For the Mean Sun's R. A., and R. A. of Meridian. 

It. A. at Greenwich, noon . . h 

Cor. for G. date (Naut. Aim. p. 530) 



Mean sun’s R. A. at G. date 
Mean time at ship 




R. A. OF MERIDIAN 



3. For Moons R. A 
R. A. at hour of G. date . . h . 
Cor. for minutes and secs. 



Moon’s R. A. at G. date 
R. A. of meridian 

Moon’s hour anglo 
Hour-anole in degrees 
Moon’s hor. parallax 
Cor. for time past noon 
Hob. Pas. at G. date 



, Declination, Ilor. Par., and Hour-angle. 



\ (Sub. lets 
f from 
I greater) 



Declin. at hour 
Cor. for mins, and secs. 

Declin. G. date 
Polar dist. 



90 



Diff. for 12*> 

for time past noon 



4. For the Moon's True and App. Altitude. 



Latitude . .' .." cot 

Hour angle cos 

* cot 

Polar dist. Trof. altitude 

a + S Pf 1st correction 



A3T The corrections on the 
right arc taken from the 
table of "Corrections of the 
Moon’s Altitude,” which is 
entered first with tho true 
alt. and then with the cor- 
rected app. alt. 



Approx, app. alt. 
2nd correction 

App. altitude 
3rd correction 

Arp. ALTITUDE 



sin 

a Ax. comp, sin 



* + SP sin . 
.' .." sin , r 



to bo applied to true alt. 



to be applied to app. alt. 



* If this remainder exceed 12 h , subtract it from 24 h . 

t The lower sign to be used only when the hour-angle exceeds 90°, which 
can never happen when the latitude and declination have contrary names. 
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Blank Form : Computation of a Star's Altitude. 

1. For the Greenwich Date. 

Mean time at ship . , k 

Longitude in time 

Greexwich date of obs. 



2. For the Mean Sun's R. A., R. A. of Meridian , Star’s Hour-angle, 
and Polar Distance. 

R. A. at Greenwich, noon . . h 

Cor. for G. date (Naut. Aim., p. 530) 



Mean sun’s R. A. at G. date 
Mean time at ship 

R. A. of meridian' 

R. A. of the star (Naut. Aim.) 

Star’s Hour-angle in Time 
Star’s declin. (Naut Aim.) 

Polar distance 



j(A<M) 

(Sub. less from 
greater ) 



90 



3. For the Star's True and Apparent Altitude. 



Latitude 


• W 


cot 


sin 


Hour-angle 




COS 


a At. comp, sin 


a 




cot 


a + SP sin 


Polar dist 




True altitude . .* 


.. sin 


a ± SFt 


— 


Refraction + 

Arr. ALTITUDE .. 


• • • • 



If the object be the Sun, the mean time at ship, when 
the observation for the lunar distance was taken, corrected 
for the equation of time at that instant, will be the apparent 

* If this remainder exceed 12 k , subtract it from 24 k . 
t The lower sign has place only when the hour-angle exceeds 90®. 
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time at ship ; that is, the sun’s hour-angle : this being found 
the computation for the true altitude will be the same as (3) 
above, from which the apparent altitude is obtained by 
adding the refraction diminished by the sun’s parallax in 
altitude. The preparation for the step (3), in the case of 
the sun, is therefore as follows : — 

For the Sun's iTour-angle. 

Mean time at ship . . h . . m . .* 

Longitude in time 

Greenwich date of obs 

Suu’s noon declin. . .° . .' . ." Diff. for l h . ." 

Cor. for Greenwich date . . . . Cor. for G. date . .' . ." 

Declination at G. date 

90 

Polar distance 

Equation of time at G., noon . . .* Diff. forth „ .« 

. . Cor. for G. date . .* 

Equa. of time at G. date . . .’ 

Mean time at ship . . h . .“ . .* 

Sun’s Hour-angle * or 



Then proceed to calculate the true altitude as in step 3 
for a star, adding refraction minus the parallax to the true, 
to obtain the apparent altitude. 

j Examples for Exercise : Computation of Altitudes. 

1. In example 3, page 245, it is required to compute the 
true and apparent altitudes of the sun when the lunar dis- 
tance was taken. 

Ans. True altitude 58° 53' 10" ; apparent altitude 58° 53' 40". 

2. August 16, 1858, in latitude 36° 30' N., and longitude 

* If this exceed 12 h , subtract it from 24 h . 
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153° E.. by account, when the mean time at ship was 4 h 
45 m 44 s , required the true and apparent altitudes of the sun ? 

Ans. True altitude 23° 50' 24" ; apparent altitude 23° 52' 26". 

3. April 26, 1858, iu latitude 29° 47' 45" S., and longitude 
by account 31° 7' E., the distance between the moon and the 
star Altair was taken, when the mean time at ship was l h 51 m 
a.m., it is required to compute the true altitude of the 
star to the nearest minute, and thence to deduce the 
apparent altitude ? 

Ans. True altitude 25° 8' ; apparent altitude 25° 10' 3". 

4. October 2, 1858, in latitude 46° 15' N., and longitude 
by account 56° 24' E., a star-lunar was taken, when the mean 
time at ship w r as 5 h 32 m 12 s a.m., it is required to compute 
the moon’s true altitude, and thence to deduce the apparent 
altitude ? 

Ans. True altitude 49° 22' 17"; apparent altitude 48° 44' 14". 

Note. — In computing altitudes as above for the purpose 
of clearing the lunar distance, it will suffice if the true alti- 
tude is obtained to the nearest minute ; but the corrections 
for deducing from this the apparent altitude should be 
applied with care, the seconds being always retained. In- 
deed, if the true and apparent altitudes are obtained with 
strict precision, and we equally increase or diminish these 
by even so much as a minute or two, the resulting true 
lunar distance will be affected in but a very trifling degree 
by the change, inasmuch as the relative values of the 
altitudes will be disturbed but in a very trifling degree. 
Also a few seconds, — any number, for instance, not exceeding 
10", — may be added to or taken from the apparent lunar dis- 
tance, provided at the end of the work the resulting true 
distance be corrected for the overplus or deficient seconds in 
the apparent distance. 

By so modifying the apparent quantities as to cause the 
seconds in each to be a multiple of 10", we may save a little 
trouble in taking the parts for seconds, when the logarithmic 
method of clearing the lunar distance is employed : but in 
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the mode of operation more specially dwelt upon in this 
work, such changes would produce no advantage. 

Having now discussed all the more important problems 
of Nautical Astronomy, with as much fulness of detail as the 
limits of the present rudimentary treatise permit, it merely 
remains for us, in conclusion, to give a short account of 
what at sea is called a “Day’s Work and to exhibit a brief 
specimen of a Ship’s Journal, as*promised at page 85. 



CHAPTEE VII. 

bay’s WORK AT SEA: THE SHIP’S JOURNAL. 

As already noticed at page 84, as soon as a ship has taken 
her departure and her voyage fairly begun, the several 
courses on which she sails, as indicated by the compass, her 
hourly rate of Bailing as determined by the log, together 
with the other particulars, leeway, currents, &c., affecting her 
progress, are all recorded in chalk on a large black board, 
called the log-board. These are afterwards copied into the log- 
book, and the courses being all corrected for leeway and varia- 
tion of the compass, each corrected course, with the entire 
distance sailed on it, beiug known, a reference to the 
Traverse Table gives the corresponding difference of lati- 
tude and departure. The difference of latitude and 
departure due to the whole traverse is then found, and thence 
the direct course and distance sailed, as explained at page 48. 
Lastly, with this direct course and distance, the difference 
of longitude made is found either by parallel, mid-latitude, or 
Mercator’s sailing, and thus the position of the Bhip at the 
end of the traverse is ascertained. These operations are 
regularly brought up to noon of each day ; they comprise 
what is called a Day's Work , the result of which is the 
position of the ship at noon by dead reckoning. 
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Whenever astronomical observations for latitude or longi- 
tude are made, a distinct record of the result of these is 
inserted in the log-book ; but since the ship’s daily account 
is always closed at noon, and a fresh account opened, a 
latitude or longitude, determined by observations in the 
interim, is brought up to the following noon, by applying to 
it the latitude or longitude, by dead reckoning, made in the 
interval between the observations and that noon ; so that in 
strictness, what is recorded as the result of observation at 
noon , is often made up, in small part, of the dead reckoning. 
The ship’s position at noon being determined in this manner, 
the chart is referred to, and the place where she is being 
pricked olf, she takes as it were a fresh departure from a 
known spot, and her course from it is then shaped, as at 
first, in accordance with her ultimate destination. When 
this is reached the log-book, thus completed, furnishes a 
Journal of the voyage. 

As a specimen, we shall here exhibit a page of such a 
journal, subjoining the necessary day’s work. 

Note. — The initial letters, H, K, and F, stand for Hours, 
Knots (or miles), and Fathoms respectively. The fathom is 
not a fixed length of the log-line, like the knot ; sometimes 
it is the eighth part of the knot, or something beyond six 
feet, but it is more convenient to take the tenth part of the 
knot, which is a little less than six feet, for the fathom ; and 
this is supposed to be its length in the following specimen* ; 
so that, as the knot represents a mile, the fathom will 
represent one-tenth of a mile. 

The result of the day’s work preceding the day to which 
the following page of the journal applies, is supposed to stand 
thus : — 





Dist. 


1 i 


Lat. obs. 


I 




i Bearing and dist. of 


Course. 


Lat. acct. 


Long. acct. 


Long. Obs. 


Lizard at noon 


If. 68" E. 


57m. 


38* 19' N. ! 

| 


38" 20' N. 


24’ 11' W. 




N. 40"* E. Dist. 
1074 utiles. 



* In strictness a fathom is 6 feet. 
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Extract from a Journal of a Voyage from St. Michael’s towards 

Exgland. 



u 


K 


F 


Coursos. 


Winds. 


Lee-way. j 


Remarks. Monday, Sept, 12, 
18—, P.M. 


1 


4 


6 


N. N. E. 


E. 


li 


Moderate and clear weather. 


0 


m 








( Out first reef topsails, set 


s 


0 


3 


N.byE. ?E. 


E. 1 N. 


* 


\ royals, and flying jib. 

( Light breozes ' and clear 
( weather. 














/Ditto weather. Swell from 






0 








1 E. from 4 P.M., till 8, for 












| which allow a drift of 24 
Smiles. 




5 


6 


0 








Iu royals and flying jib. 


G 


G 


1 










7 


5 


8 


E. S. E. 


N. E. 


1 


Tacked. 


S 


5 


7 










0 


5 


0 






1 


Ditto weather. 


10 


5 


3 






0 




11 

Midnt. 


5 


8 








Ditto weather. 














Tuesday, Sept. 13, a.m. 


1 


5 


9 


E. S. E. 


N. E. 


u 


Moderato and clear weather. 


3 




3 






i 


f Fresh breezes. In top- 








) gallant sail. 


i 


5 


4 










5 


5 


0 


E. N. E. 


V. 


u 


In first reef topsails. 


6 


5 


0 








Strong breezes and cloudy. 


7 


4 


8 








In second reef topsails. 


8 


4 


3 








9 

10 


3 

3 

3 


9 

4 

3 






2 

2i 


f Long, by chron. at 9, A.M., 

1 23° 2' W. 

( Flying clouds, with light 
\ showers. 

( Fresh gales and squally. 
1 Down jib and in spanker. 
( Lat. at noon bv mcr. alt. 


11 










Noon 


3 


5 








•4 3S° 46' N. Variation by 

(. azimuth, 20° W. 



In order to complete this page of the journal, the day’s 
work must now be computed : the compass courses recorded 
above being corrected for leeway — or the angle of deviation 
which the action of the wind sideways causes the ship to 
make with the fore-and-aft line — the distance, diff. lat. and 
departure due to each course, are to be taken from tho 
traverse table, and thence the whole distance, diff. lat., and 
departure found, as also the compass course from the com- 
mencement of the traverse to the end, as at page 49. 

This compass course being corrected for variation, gives 
the true course, with which and the distance we are to find 
from the traverse table, or by computation, the true diff. 
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lat., and thence by mid-latitude or Mercator’s sailing, the 
diff. long. These differences, applied to the latitude and 
longitude determined by yesterday’s work, make known 
the place of the ship; and the latitude and longitude of 
the place next to be worked for, being also known, it will 
merely remain, from these data, to find the bearing and 
distance of the spot to be reached, and to shape the course 
accordingly. The day’s work is, therefore, as follows : — 

T raver He Table. 



Courses cor- 




Diff. 


lat. 


Departure. 


routed for 












Leeway. 


Dist. 


N. 


8. 


E. 


W. 


N, } E. 


9*6 


9*6 




14 




N. l>y E. i E. 


23 0 


22*3 




6*6 




S. E. bv E. 


11-5 




6 4 


9*6 




8. K. by E. 4 E. 


10*3 




4 8 


9*1 




E. 8. E. 


(5*0 




4G 


11 1 




S. E. ? E. 


11*6 




6 9 


9*3 




S. E. bv E. 


15*7 




8*7 


13*0 




E. 4 S’. 


14 1 


1*4 




14*0 




E. 


7*8 






7*3 




E. 4 8. 


6*8 




0*7 


6 8 




W. (Swell) 


24 0 








24 






33*2 


32*1 


87*2 


24 


Compass course X. 


89 ”E. 


32*1 




24*0 




Distance 03 miles. 




ii 




63*2 





Compass course N. SO" E 
Variation 20 W. 

True course N. 69 E. 



"With the course G9°, and distance 63 miles, the traverse 
table gives 22 6 for the difference of latitude : hence — 



Lat. left 38° ■ 20' N. Meridional parts 2494 
Diff. lat. 23 N. 



Lat. by acct. 38° 43' 



Longitude left 
Diff. long. 



. 2523 

Mer. diff. lat. 29 

21° 11' W. 

1 16 E. 



tan 69°= 2*6051 
92 

52102 

23446 

Diff. long. 75-548 



LOSO. BY ACCT. 



22 55 W. 



The departure made from 9’ 1 a.m. till noon is nearly 14 miles : 
with this and the mid-latitude about 38°£, the difference of 
longitude is found to be about 17' E. : hence — 



Longitude bychronora. at 9 h a.m. 


23° 


2' W. 


Diff. long, up to noon 




17 E. 


Long. BY OB8KKYATIOK AT NOON . 


22 


45 W. 
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278 day’s works. — the ship’s journal. 

Haying thus got the latitude and longitude of the ship at 
noon, we may from these determine the course and distance 
to the port or place to be worked for — in the present 
case the Lizard, in lat. 49° 58' N., and long. 5° 11' W., as 
in ex. 3, p. 67. 

Lat. ship (by obs.) 3S° 46' Mcr. parts 2527 Long. ship. 22° 45' W. 

Lat. Lizard 49 58 Mer. parts 3471 ,, Lizard 5 11 IV. 

.\Diff. lat. = 672 miles :Mer.diff. hit. 944 Diff. long. 17 34=1054m. 

944)1054(1-1165 = tan 48° 9', and cos = -6672)672(1007 

Therefore, the course is N. 48° 9' E., and the distance 
1007 miles. Consequently, the work for the day being thus 
completed, we write the following results at the bottom of 
the page : — 



! 1 j 

! Courso. ; Dist. Lat. acct. 

N. 69" E. 63 m. 3S" 43' 

1 1 1 


1 1 

Lat. obs. 

38° 46' 


Long. acct. 
22" 55' W. 


Long. obs. 
22’ 45' W. 


Bearing and dist. of 
Lizard N. 48” 9' E. * 
Dist. 1007 miles. 



Note. — In the foregoing day’s work the correction for 
the variation of the compass, as it is given in degrees and not 
in points, is applied to the direct course resulting from 
resolving the traverse ; but when the variation is expressed 
in points, like the leeway, each course may be corrected for 
both before casting up the log. The direction of the wind 
suggests the direction in which the leeway is to be estimated. 
When the ship is on the starboard tack, the allowance for lee- 
way is to the left, and when on the larboard tack it is to the 
right. As regards variation, when it is westerly it must be 
allowed to the left of the compass course, and when easterly 
to the right. We shall only further add, that when the day’s 
run is very considerable, and no observation for longitude 
has been obtained, the difference of longitude made will be 
more correctly determined by working for this difference 
agreeably to the principles explained at pages 71, 72. 
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IV ARTILLERY ON SERVICE, by Lieut.-Col. HAMILTON 

MAXWELL, B.A . 

In demy 12mo, with Woodcuts, cloth, price Is. fid. 

R UDIMENTARYV-114. — ON MACHINERY : 

tv Rudimentary ancl Elementary Principles of the Construction 
and on the Working of Machinery, by C. I). ABEL, C.E. 

In royal 4to, cloth, price 7s. 6d. 

RUDIMENTARY.— 115.— ATLAS OF PLATES 

-IV OF SEVERAL KINDS OF MACHINES, 17 very valuable 
Illustrative plates. 

John Weale, 59, High Holborn, London, W.C. 
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]y|R WEALE’S RUDIMENTARY SERIES. 



In demy 12mo. with Woodcuts, cloth, price Is. 6d. 

RUDIMENTARY. — 116. — TREATISE ON 

ACOUSTICS: The Distribution of Sound, by T. ROGEU 
SMITH, Architect. 



In demv 12mn, with Woodcuts, cloth, price 2s. 6d. 

R UDIM ENTARY.— 1 17.— SUBTERRANEOUS . 

lb SURVEYING, RANGING THE LINE WITHOUT THE 
MAGNET. Ky THOMAS FENWICK, Coni Viewer. With Im- 
provements and Modem Additions by T. RAKER, C.E. 



In demy l2mo, with Plates and Woodcuts, clotli, price 3s. 

RUDIMENTARY.— 118, 119.— ON THE CIVIL 

-lb ENGINEERING OF NORTH AMERICA, by D. STEVEN- 
SON, C.E. 2 vols. in 1. 



In demy 12mo, with Woodcuts, cloth, price 3s. 

RUDIMENTARY. — 120. — ON HYDRAULIC 

-lb ENGINEERING, by G. R. BURNELL, C.E. 2 vols. In 1. 



In demv 12tno, with 2 Engraved Plates, cloth, price Is. 8d. 

RUDIMENTARY. — 121. — TREATISE ON 

-lb RIVERS AND TORRENTS, from the Italian of PAUL 
FRISI. 



In demy !2mo, bv PAUL FRISI, In clotli, price Is. 

RUDIMENTARY.— 122.— ON RIVERS THAT 

-lb CARRY SAND AND MUD, and an ESSAY ON NAVI- 
GABLE CANALS. 121 and 122 bound together, 2s. 6d. 



In demy 12mo, with Woodcuts, clotli, prico Is. Bd. 

RUDIMENTARY.— 123. — ON CARPENTRY 

-Lb AND JOINERY, founded on Dr. Rob’son’s Work. 



In demv 4to, cloth, price 4*. 6d. 

RUDIMENTARY. — 123*. — ATLAS of PLATES 

-Lb i n detail to the CARPENTRY AND JOINERY. 123 and 
123* bound together In cloth in 1 vol. 



In demy 12mo, with Woodcuts, cloth, price Is. 6d. 

RUDIMENTARY.— 124. — ON ROOFS FOR 

-lb PUBLIC AND PRIVATE BUILDINGS, founded on Dr. 
Robison's Work. 



In royal 4to, cloth, price 4s. 6.1. 

T) UDIMENTARY.— 124*.— RFC ENTLY CON- 

-lb 8TRUCTED IRON ROOFS, Atlas of plates. 



In domv 12mo, with Woodcuts, cloth, price 3s. 

RUDIMENTARY.— 125.— ON THE COMBUS- 

-Lb TION OF COAL AND THE PREVENTION OF SMOKE, 
Chemically and Practically Considered, by CHARLES WYE 
WILLIAMS. 



In ci-my 12mo, doth. 125 and 126 together, price 3s. 

R UDIMENTARY. — 126. —ILLUSTRATIONS 

lb to WILLIAMS'S COMBUSTIOlf OF COAL. 125 and 126, 
2 vols. bound in 1. 



In demv l‘2mo, with Woodcuts, cloth, price Is. Cd. 

RUDIMENTARY. — 127. — PRACTICAL IN- 

-lb STRUCTIONS IN TIIE ART OF ARCHITECTURAL 
MODELLING. 

John Weale, 59, High Holborn, London, W.C . 
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jyjR. WEALE’S RUDIMENTARY SERIES. 



In demy 12 mo, with Engravings and Woodcuts. 

PUDIMENTARY.— 128. — THE TEN BOOKS 

-lv ok m. vrrnuvius on civil, military, and 

NAVAL ARCHITECTURE, translated by JOSEPH GWILT, 
Arch. 2 vole. in 1. 



In demy 12mo, 12S and 129 together, cloth, price 5s. 

PUDIMENTARY. — 129. — ILLUSTRATIVE 

TV PLATES TO VITRUVIUS’S TEN BOOKS, by the Author 
and JOSEPH GANDY, R.A. 



In demy 12mo, cloth, price Is. 

E UDIMENTARY. — 130. — INQUIRY INTO 

THE PRINCIPLES OF BEAUTY IN GRECIAN ARCHI- 
TECTURE, by the Right Hon. the Earl of ABERDEEN, &c. Ac. 



In demy 12mo, cloth, price Is. 

P UDIMENTARY. — 131. — THE MILLER’S, 

TV MERCHANT'S, AND FARMERS READY RECKONER, 
for ascertaining at Sight the Value of any quantity of Corn ; toge* 
tlier with the approximate value of Millstones and Millwork. 

In demy 12mo, with Woodcuts, cloth, price 2s. 6d. 

PUDIMENTARY.— 132.— TREATISE ON THE 
TV, ERECTION OF DWELLING HOUSES, WITH SPECI- 
FICATIONS, QUANTITIES OF THE VARIOUS MATERIALS, 
A-c., by S. II. BROOKS, Architect. 27 Plates. 

PUDIMENTARY SERIES^— O N MINES, 

TV SMELTING WORKS, AND THE MANUFACTURE OF 
METALS, as follows. 

In demy 12mo, with Woodcuts, cloth, price 2s. 

PUDIMENTARY, — Yol. 1. — TREATISE ON 

TV THE METALLURGY OF COPPER, by R. H. LAMBORN. 



In demy 12mo, to have Woodcuts, cloth. 

PUDIMENTARY. — Vol. 2. — TREATISE ON 

TV THE METALLURGY OF SILVER AND LEAD. 



In demy 12rao, to have Woodcuts, cloth. 

PUDIMENTARY AND ELEMENTARY.— 

TV Vol. 3— TREATISE ON IRON METALLURGY up to tl* 
Manufacture of the latest processes. 

In demy 12mo, to have Woodcuts, cloth. 

PUDIMENTARY AND ELEMENTARY.— 

TV Vol. 4 — TREATISE ON GOLD MINING AND ASSAY- 
ING PLATINUM, IRIDIUM, Ac. 

In demy 12mo, to have Woodcuts, cloth. 

PUDIMENTARY AND ELEMENTARY.— 

TV Vol. 5.— TREATISE ON THE MINING OF ZINC, TIN, 
NICKEL, COBALT, &c. 

In demy I2mo, to have Woodcuts, cloth. 

PUDIMENTARY AND ELEMENTARY.— 

TV Vol. 6.— TREATISE ON COAL MINING (Geology and 
Means of Discovering, &c.) 

In demv 12mo t with Woodcuts, cloth, price Is. 6d. 

P UDIMENTARY. — Vol. 7. — ELECTRO-ME- 

TV TALLURGY.— Practically treated by ALEXANDER 
WATT, F.K.S.A. 

John Weale, 59, High Holborn, Londoij, W.C- 

B 2 
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■^EW SERIES OF EDUCATIONAL WORKS. 



In tie my 12mo, with Woodcuts, cloth, price 4s. 

pONSTITUTIONAL HISTORY OF ENG- 

V-/ LAND.— 1, 2, 3,4.- By \V. D. HAMILTON, of the State P. O. 



In demy 12mo, with Woodcuts, cloth, price 2s. 6d. 

AUTLINES OF THE HISTORY OF GREECE. 

-5, 6.— By W. D. HAMILTON, 2 vols. 

In demy 12mo, with Map of Italy and Woodcnts, cloth, price 2s. J3d 

DUTLINE OF THE HISTORY OF ROME.— 

W 7, 8.— By W. D. HAMILTON, 2 vols. 



In demy 12mo, cloth, price 2s. 6d. 

CHRONOLOGY OF CIVIL AND ECCLESI- 

V ASTIOAL HISTORY, LITERATURE, ART, AND CIVI- 
LISATION, from the earliest period to the present. — 9, 10. — 2 vols. 



In demy l‘2rao, cloth, price Is. 

p RAMMAR OF THE ENGLISH LANGUAGE. 

CT — II. — By HYDE CLARKE, D.C.L. 



In demy 12mo, cloth, price Is. 

TTANDBOOK OF COMPARATIVE PHILO- 

Tl LOGY.— ll*.-By HYDE CLARKE, D.C.L. 



In demy stout 12 mo, cloth, price 3s. 6d. 

DICTIONARY OF THE ENGLISH LAN- 

A/ GUAGE. — 12, 13.— A New Dictionary of the English Tongue 
as spoken and written, above 100,000 words, or 60,000 more than in 
any existing work, by HYDE CLARKE, D.C.L., 3 vols. in 1. 



In demy 12mo, cloth, price Is. 

p RAMMAR OF THE GREEK LANGUAGE. 

AT —14— By H.C. HAMILTON. 



In demy 12mo, cloth, price 2s. 

•DICTIONARY OF THE GREEK AND ENG- 

-L/ LISII LANGUAGES.— 16, 16.— By H. R. HAMILTON, 2 
vols. in 1. 



In demy 12mo, cloth, price 2s. 

DICTIONARY OF THE ENGLISH AND 

-L/ GREEK LANGUAGES.— 17, 18.— By H. B. HAMILTON, 2 



vols. in 1. 



In demy 12mo, cloth, price Is. 

p RAMMAR OF THE LATIN LANGUAGE. 

VJ — 19. — By the Rev. T. GOODWIN, A.B. 



In demy 12mo, cloth, price 2s. 

DICTIONARY OF THE LATIN AND ENG- 

-*-/ LISII LANGUAGES.— 20, 21.-By the Rev. T. GOODWIN, 
B.A. Vol.l. 



In demy 12mo, cloth, price Is. 6d. 

DICTIONARY OF THE ENGLISH AND 

Ty LATIN LANGUAGES.— 22, 23.— By the Rev. T. GOOD- 
WIN, A.B. Vol. II. 



In demy 12rao, cloth, price Is. 

Q RAMMAR OF THE FRENCH LANGUAGE. 

John Weale, 69, High Holbora, London, W.C. 
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^|R. WE ALE’S EDUCATIONAL SERIES- 



In demy 12mo, cloth, price Is. 

DICTIONARY OF THE FRENCH AND 

X > ENGLISH LANGUAGES.— 23. — By A. ELWES. Vol. I. 



In demy 12mo, cloth, price Is. 6d. 

DICTIONARY OF THE ENGLISH AND 

FRENCH LANGUAGES.— 26.-By A. ELWES. Vol II. 



In demy 12mo, eioth, price Is. 

GRAMMAR OF THE ITALIAN LANGUAGE. 

— 27.-By A. ELWES. 



In demy 12mo, cloth, price 2s. 

DICTIONARY OF THE ITALIAN, ENG- 

JY LISII. AND FRENCH LANGUAGES.— 28, 29.— By A. 
ELWES. Vol. I. 



In demy 12mo, cloth, price 2s. 

DICTIONARY OF THE ENGLISH, ITALIAN, 

-L' AND FRENCn LANGUAGES. — 30, 31.-By A. ELWES. 
Vol. II. 



In demy 12rao, cloth, price 2s. 

DICTIONARY OF THE FRENCH, ITALIAN, 

X ' AND ENGLISH LANGUAGES.— 32, 33.— By A. ELWES. 
Vol. III. 



In demy 12mo, cloth, price Is. 

CRA5LMAR OF THE SPANISH LANGUAGE. 

'J -34.- By A. ELWES. 



In demy 12mo, cloth, price 4s. 

DICTIONARY OF THE SPANISH AND 

-L- 7 ENGLISH LANGUAGES.— 35, 30, 37, 38.— By A. ELWES. 
4 vols. in 1. 



In deiny 12mo, cloth, price Is. 

QRAMMAR OF THE GERMAN LANGUAGE. 



In demy 12mo, clotb, price Is. 

CLASSICAL GERMAN READER.— 40.— From , 

^ the best Authors. 



In demy 12mo, cloth, price 8s. 

DICTIONARIES OF THE ENGLISH, GER- 

MAN, AND FRENCH LANGUAGES.— 41, 42, 43.-By N. 
E. HAMILTON, 3 vols., separately, Is. each. 



In demy 12mo, cloth, price 7s. 

DICTIONARY OF THE HEBREW AND 

D ENGLISH LANGUAGES.— 44,45.— Containing the Biblical 
and Rabbinical words, 2 vols. (together with the Grammar, which 
may be had separately for Is.), by Dr. BRESSLAU, Hebrew Pro- 
fessor. 



In demy l!mo, cloth, price 3s. 

DICTIONARY OF THE ENGLISH AND 

HEBREW LANGUAGF.S.-46.— Vol. III. to complete. 



In demy 12mo, cloth, price Is. 

JpRENCH AND ENGLISH PHRASE BOOK. 

John Weale, 59, High Ilolborn, London, W.C. 
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jyp. WEALE’S CLASSICAL SERIES. 



Now in course of Publication, in demy 12mo, price Is. per Volume 
(except in some instances, and those are la. 6d. or 2s. each), very 
neatly printed on good paper. Those priced are published. 

p REEK AND LATIN CLASSICS.— A Series of 

Volumes containing the principal Greet and Latin Authors, 
accompanied by Explanatoiy Notes in English, principally selected 
from the best ami most recent German Commentators, and com- 
prising all those Works that are essential for the Scholar and thu 
Pupil, and applicable for the Universities of Oxford, Cambridge, 
Edinbdrgh, Glasgow, Aberdeen, and Dublin — the Colleges at Belfast, 
Cork, Galway, Winchester, and Eton, and the great 8chools at 
Harrow, Xlughy, &c. — also for Private Tuition and Instruction, and 
for the Library, as follows : 



LATIN SERIES. 

In demy 12mo, boards, price Is. 

A NEW LATIN DELECTUS. — 1. — Extract) 

-tA. from Classical Authors, with Vocabularies and Explauatory 
Notes. 



In demy 12mo, boards, price 2s. 

pyESAR’S COMMENTARIES ON THE GAL- 

'-y LIC WAR. — 2. — With Grammatical aud Explanatory Notes 
in English, and a Geographical Index. 



In demy 12mo, boards, price Is. 

£ORNELIUS NEPOS.— 3.— With English Notes, 



In demy 12 mo, boards, price 1 b. 

V IRGIL. — 4. — The Georgies, Bucolics, with English 

Notes. 



In demy 12mo, boards, price 2s. 

■yiRGIL’S yENEID. — 5. — (On the same plan as 

» the preceding). 



In demy 12mo, boards, price Is. 

TJ ORACE. — 6. — Odes and Epodcs ; with English 

Notes, and Analysis and Explanation of the Metres. 

In detny 12mo, boards, price Is. 6<J. 

XT ORACE. — 7. — Satires and Epistles, with English 

Tl Notes, &c. 

In deiny 12.no, boards, price Is. 6d. 

CALLUST. — 8. — Conspiracy of Catiline, Jugur- 

^ thine War, with English Notes. 

In demy 12mo, boards, price Is. 6d. 

fPERENCE. — 9. — Andrea and Heautontimorume- 

-i. nos, with English Notes. 

In demy 12mo, boards, price 2s. 

^TERENCE. — 10. — Phormio, Adelphi, and Hecyra, 

A with English Notes. 



In demy 12mo. 

p ICERO. — 11. — Orations against Catiline, 

xy Sulla, for Archias, and for the Manilian Law. 



for 



In demy 12mo. 

p ICERO. — 12. — First and Second Philippics ; Ora- 

O tions for Milo, for Mnrcell^&c. 

John W eale, 69, High Ilolbom Loudon, W.C. 
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jyj R. WE ALE’S CLASSICAL SERIES. 

In demy 12uio. 

QICERO. — 13. — De Officiis. 

In demy 12mo, boards, price 2a. 

pICERO. — 14. — De Amicitift, de Seneetute, and 

^ Bratus, with English Notes. 

In demv 12rao. 

TUVENAL AND PERSIUS.— 15.— (The indeli- 

cate parts expunged.) 

In demy 12mo, boards, price 3s. 

I IVY. — 16. — Books i. to v. in two vols., witli 

J English Notes. 

In d«my 12mo, boards, price Is. 

I IVY. — 17. — Books xxi. and xxii., with English 

* Notes. 

In deray 12uio. 

TACITUS. — 18. — Agricola; Germania; and Au- 

r.als, Book i. 

Ill demy 12mo, board j, price 2 b. 

O ELECTIONS FROM TIBULLUS, OVID, and 

^ PKO PERTH! S. — 19. — With English Notes, 

In demy 12mo. 

C ELECTIONS FROM SUETONIUS and the 

1 • later I.atiu W ritars.— 20. 

CREEK SERIES, ON A SIMILAR PLAN TO THE LATIN 
SERIES. 

Those not priced are in the Press. 

Jn demy 12nio, boards, price Is. 

INTRODUCTORY GREEK READER. — 1. — 

I On the same plan as the Latin Reader. 

In demy 12mo, boards, price Is. 

VENOPHON. — 2. — Anabasis, i. ii. iii., with 

English Notes. 

In demv 12mo, boards, price Is. 

V ENOPIION. — 3. — Anabasis, iv. v. vi. vii., with 

•A. English Notes. 

In demy 12mo, boards, price Is. 

T UCIAN. — 4. — Select Dialogues, with English 

J-i Notes. 

In demy 12mo, boards, price Is. tfd. 

JJOMER. — 5. — Iliad, i. to vi., with English Notes. 

In demy 12rao, boards, price Is. fid. 

JLj OMER. — 6. — Iliad, vii. to xii., with English Notes. 

In demy 12mo, boards, price Is. 6d. 

TTOMER. — 7. — Iliad, xiii. to xviii. with English 

II Notes. 

In demy 12mo. boards, price Is. fid. 

TT OMER. — 8. — Iliad, xix. to xxiv , with English 

D I* Notes. 

John Wcalc, 59, High Ilolborn, London, W.C. 
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R WEALE’S CLASSICAL SERIES. 



In demv 12H10, boards, pricti Is. 0d. 

J j OMER. — 9. — Odyssey, i. to vi., with English Notes. 



In demy 12mo, boards, price Is. Gd. 

XI OMER — 10. — Odyssey, vii. to xii., with English 

Notes. 

In demy 12mo, boards, price Is. 6d. 

H OMER — ll. — Odyssey, xiii. to xviii.with English 

Notes. 

In demy 12mo, boards, price Is. 6d. 

H OMER. — 12. — Odyssey, xix. to xxiv. ; and 

Hymns, with English Notes. 



In deray 12:no, boards, price 2s. 

pLATO. — 13. — Apology, Crito, and Phre;lo, with 

-*• * English Notes. 

In demy 12mo, boards, price Is. Gd. 

H ERODOTUS. — 14. — i. ii., with English Notes. — 

De Heated to His Grace the Puke of Devonshire. 

In deray 12 mo, boards, price Is. Gd. 

H ERODOTUS. — 15. — iii. iv., with English Notes. 

Dedicated to His Grace the Duke of Devonshire. 



In demy 12mo. 

H ERODOTUS. — 16. — v. vi. aud part of vii. 

De dicated to Ilia Grace the Puke o r Devonshire. 

In deray 12mo. 

H ERODOTUS. — 17. — Remainder of vii., viii., and 

ix. Dedicated to His Grace the Duke of Devonshire. 

In demy 12mo, boards, price Is. 

C OPHOCLES. — 18. — CEdipus Rex, with English 

^ Notes. 

In demy 12rao. 

OPHOCLES. — 19. — (Edipus Colonseus. 

In demy 12mo. 

OPHOCLES. — 20. — Antigone. 

In demy 12mo. 

(^OPHOCLES.— 21.— Ajax. 

In deray 12mo.' 

(^OPHOCLES.— 22.— Philoctetes. 

In demy 12roo. boards, price Is. 6d. 

pURIPIDES. — 23. — Hecuba, with English Notes. 

In demy 12mo. 

2^ URIPIDES.— 24.— Medea. 

In demy 12mo. 

J f U RI PIDES. — 25. — Hippoly tus. 

John Weale, 59, High Holhom, London, W.C. 
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WEALE’S CLASSICAL SERIES. 



In demy 12nio t boards, price Is. 

~pURIPIDES. — 26. — Alcestis, with English Notes. 

In demy 12tno. 

J^URIPIDES. — 27. — Orestes. 



In demy 12mo. 

pURIPIDES. — 28. — Extracts from the remaining 



Ploya. 

In dr my 12mo. 

COPHOCLES. — 29. — Extracts from the remaining 
lO Piny*. 

In deray I2mo. 

ffi SCHYLUS. — 30. — Prometheus Vinctus. 

In demy 12mo. 

JgSCHYLUS.— 31.— Persm. 



In dewy 12mo. 

^ SCHYLIJ S. — 32. — Septem contra Tliebas 

In demy 12mo. 

^SCHYLUS.— 33.— Choephone. 



In demy 12mo. 

^SCHYLUS.— 34.— Eumenides. 



In deray 12mo. 

SCHYLUS. — 35. — Agamemnon. 



In demy 12mo. 

SCH Y LU S. — 36. — Supplices. 

In deray 12rao. 

pLUTARCH. — 37. — Select Lives. 



In demy 12mo, 

^RISTOPHANES.— 38.— Clouds. 



In demy 12mo. 

j^RISTOPHANES. — 39. — Frogs. 

In demy 12mo. 

ARISTOPHANES. — 40. — Selections from the 

remaining Comedies. 

In demy 12mo, boards, pi ice Is. 

THUCYDIDES. — 41. — I, with English Notes. 

In demy 12 mo. 

pHUCYDIDES.— 42.— II. 

John Wenle, 6!*, High Holbom, London, W.C. 
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WEALE’S CLASSICAL SERIES. 



In demy 12mo. 

'J'HEOCRITUS. — 43. — Select Idyla. 



plNDAR.— 44. 
gOCRATES.— 45. 



in demy 12mo. 



la demy 12mo. 



JJESIOD, 



. — 4G. 



la deaiy 12mo. 



MR. WEALE’S PUBLICATIONS OF WORKS 

AVI ON ARCHITECTURE, ENGINEERING, AND THE 
FINE ARTS. 



In 1 large Atlas, folio Volume, with fine Plates, price £1 4s. 

<< BRITISH GOVERNMENT WORK.” -THE 

-*-> ARCHITECTURAL ANTIQUITIES AND RESTO- 
RATION OF ST. STEPHEN’S CHAPEL, WESTMINSTER 
(late the House of Commons). 



Fine Plates and Vignettes, Atlas folio, price £3 10a. 

H NORWEGIAN GOVERNMENT WORK.” 

—THE CATHEDRAL OF THRONDHEIM, IN 
NORWAY. Text by Professor MUNCH; drawings by U. E. 
3C1IIRMER, Architect. 



Large Atlas folio, 4 livraisons, published in Madrid, at 100 reals 
each, or £1 in England. Illustrated by beautifully executed 
Engravings, some of which are coloured. 

< l QPANISH GOVERNMENT WORK.”— 

^ MONUMENTS AR‘ HtTECTONIQUES DE L’ES- 
PAGNE, PUBLIES AUX FRAIS DE LA NATION.— Part I 
Provincia de Toledo, Granada, Alcala de Ilenares. — Part 2. Cate- 
drai Toledo, Dotailles.— Part 3. Granada, Segovia, Toledo, Sala- 
manca.— Part 4. Santa Maria de AlcalA de Henares, Casa Lonia de 
Valencia, Toledo, Segovia, &c.— This work surpasses in beauty all 
other works. 



Columbier folio plates, with text also uniform, with gold borders, 
and sumptuously bound In red morocco, gilt; gilt leaves, £12 12s., 
Columbier folio plates, with text also uniform, with gold borders, 
and elegantly half-bound iu morocco, gilt, £10 10s.; Plates in 
Columbier folio, and text in imperial 4to, half-bound in morocco, 
gilt, £7 7s. ; Plates in Columbier folio, and text in imperial 4to, 
in cloth extra, boards and lettered, £t 14s. fid. 

THE VICTORIA BRIDGE, AT MONTREAL, 

IN CANADA. — Elaborately illustrated by views, plans, 
elevations, and details of the Bridge ; together with the illustrations 
of the Machinery and Contrivances used in the construction of this 
stupendously important and valuable engineering work. The whole 
produced in the finest style of art, pictorially and geometrically 
drawn, and the views highly coloured, and a desciiptivc text. 
Dedicated to His Royal Highness the Prince of Wales. By JAMES 
HODGES, Engineer to the Contractors. Engineers; ROBERT 
STEPHENSON and ALEX. M. ROSS. Contractors: Sir S. 
MORTON VETO, Hart., M.P., THOMAS BRASSEY, and ED- 
WARD LADD BETTS, F.sqrs. 

John Weale, 59, High Holborn, London, W.C. 
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M e. wealks woeks on ARCHITEC- 

TURE, ENGINEERING, FINE ARTS, Ac. 

In one imperial folio volume, with exquisite illustrative Plates from 
costly Drawings made by the most eminent artists, half-bound 
very neat, price £5 5s. Only 150 copies printed ior sale. 

PROFESSOR COCKERELL’S WORK.— 

T THE TEMPLES OF JUPITER PANHELl.ENIUS AT 
aEGIN A, AND OF APOLLO EPICUBIU8 AT BASSLE, NEAR 
PH1GALEIA, IN ARCADIA. 



It is propo-ed to publish the Life and Works of the late 

TSAMBARD KINGDON BRUNEL, F.R.S., 

A- Civil Engineer. — The genius, talent, and great enterprise 
of the late Mr. Brunei has a world-wide fame, his whole life was 
devoted alone to the science of his profession, not in imitation or 
copying others, but in invention. In finding out new roads to the 
onward advancement of his Art, the lifting up from the slow and 
beating path of Engineering Art, new ideas and realities, and which 
has or have given to Englaud a name for reference and of renowned 
intelligence in this Art, 



Just published, in 4tn, with 100 Engravings, pr!c \ bound, 21s. 

THE PRACTICAL HOUSE CARPENTER.— 

More particularly for country practice, with specifications, 
quantities, and contracts: also containing— 1, Des gns for the Cen- 
tering of Groins, Niches, <fcc. ; 2. Designs for Roofs and Staircase?. 
3. The Five Orders laid down to a scale; 4. Modern Method of 
Trussing Girders, Joints of Carpenters’ work ; 5. Designs for Modern 
Shop Fronts with their details ; 6. Designs for Modern Doors with 
their details; 7. Designs for Modern Windows, with their details, 
and for Villa Architecture. The whole amply described, for the 
use of the Operative Carpenter and Builder. Firstly written and 
published by WILLIAM PAIN. Secondly, with Modern Designs, 
and Improvements, by S. H. BROOKS, Architect. 



In 1881 will bo published a volume in 12mo, entitled 

A DIGEST OF PRICES of Works in Civil Engi- 

neering and Railway Engineering, Mechanical Engineering, 
Tools, Wrought and Cast Iron Works, S'one, Timber and Wire 
Works, and every kind of information that can be obtained and 
made useful in Estimating, Specifying, and Reporting. 



In 4to, 2s. 6d. 

AIRY, ASTRONOMER ROYAL, F.R.S., &c.— 

TA Results of Experiments on the Disturbance of the Compass 
in Iron-built Ships. 

In a sheet, 3s., in case, 3s. Gl. 

ANCIENT DOORWAYS AND WINDOWS 

-LA (Examples of). Arranged to illustrate the different styles of 
Gothic Architecture, from the Conquest to the Reformation. 



In 1 vol. imperial 4to, with 20 fine Plates, neatly half-bound in 
cloth, £1 5s. 

ANCIENT DOMESTIC ARCHITECTURE.— 

-LA Principally selected from original drawines in the collection 
of the late Sir William Burrell, Bart., with observations on tlie 
application of ancient architecture to the pictorial composition of 
modern edifices. 



The stained glass fac-simile. 4s. 6d., in an extra case, or in a 
sl* cot 3 s (3d 

ANGLICAN CHURCH ORNAMENT.— 

-LA Wherein are figured the Saints of the English calendar, with 
their appropriate embtems; the different styles of stained glass; 
and various sacred symbols and ornaments used in churches. 

John Wcale, 59, High Holbora, London, W.C. 
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WEALE’S WORKS ON ARCHITEC- 

m TUBE, ENGINEERING, FINE ART S, Ac. 

Id 4to, Is. 6d. 

A RAGO, Mons. — Report on the Atmospheric 

System, And on the proposed Atmospheric Railway at Paris. 



In 4to, with about 5 K) Engravings, some of which are highly 
coloured, 4 v« <l-»., original copies, half-hound in morocco, £6 6 s, 



ARCHITECTURAL PAPERS. 



2 Engravings, in folio, useful to learners and for schools, 2s. 6 d. 

ARCHITECTURAL ORDERS (FIVE) AND 

TllEIK ENTABLATURE3, drawn to a larger scale, with 
Figured Dimen 8 i*ns. 



^RNOLLET, 



4to, Is. 

M. — Report on his Atmospheric 

Railway. 



In 4to, 10 Plates, 7s. 6 d. 



ATMOSPHERIC RAILWAYS. — THREE RE- 

PORT 8 on improved methods of Constructing and Woikiug 
Atmospheric Railways. By R. MALLET, C.E. 



in 8 vo, Is. 6 d. 

BARLOW, P. W. — Observations on the Niagara 

" Railway Suspension Bridge. 



In large* 4to, very neat half-morocco, IBs., with Engravings. 

DAltEY, SIR CHARLES, R.A., &c. — 

Studies of Modern English Architecture. By W. H. LEEDS; 
The Travellers’ Club-House, illustrated by Engravings of Plans, 
Sections, Elevations, nn 1 details. 



In 1 YoL large 8 vo, with coloured Plates, half-morocco, price £1 Is. 

BEWICK’S (J. G.) GEOLOGICAL TREATISE 

ON THE DISTRICT OF CLEVELAND IN NORTH 
YORKSHIRE, its Ferruginous Deposits, Lias and Oolites; with 
some Observations on Ironstone Mining. 



In 8 vo, with Plates. Price 4s. 

BINNS, W. S. — Work on Geometrical Drawing, 

B embracing Practical Geometry, including the use of Drawing 
Instruments, the construction and use of Scales, Orthographic Pro- 
tection, and Elementary Descriptive Geometry, 



In 4to, wilh I 05 Illustrative Plates, cloth boards, £1 Us. 6 d. 

B LASHFIELD, J. M., M. R. Inst., &c.— 

SELECTIONS OF VASES, STATUES, BUSTS, &c , from 
TERRA COTTAS. 



IuSvo, Woodcuts, Is. 

DLASHFIELD, J. M„ M. R., Inst., &c.— 

B ACCOUNT OF THE HISTORY AND MANUFACTURE 
OF ANCIENT AND MODERN TERRA COTTA. 



In 4 to, 2s. 61. 

BODMER, R., C.E. — On the Propulsion of Vessels 

D by the Screw. 



15s. 

D RIDGE. — A large magnificent Plate, 3 feet 6 

D Inches hr 2 foot, on a scale of 25 font to an inch, of LONDON 
BRIDGE ; en abling Plan and Elevation. Engraved and elabo- 
rately finished. The Work of the RENNIES. 

John Wcale. 59, High Holboru, London, W.C. 



Digitized by Google 




19 



"MR. WEALE’S WORKS ON ARCHITEC- 

lTl TURE, ENGINEERING, FINE ARTS, &c. 



108 . 

BRIDGE. — Plan and Elevation, on a scale of 

J J 10 feet to an inch, of STAINES BRIDGE ; a fine Engraving. 
The work of the RENNIES. 



In roval 8vo, with very elaborate Plates (folded), £1 10*. 

BRIDGES, SUSPENSION. — An Account, 

AJ wi:h Illustrations, of the Suspension Bridge across the River 
Danube, by Win. T. CLARK, F.R.S. 

In 4 vols., royal 8vo, bound in 3 vol9., lmlf-morocco, price £4 10s. 

■BRIDGES. — THE THEORY, PRACTICE, 

D AND ARCHITECTURE OF BRIDGES OF STONE, IRON, 
TIMBER, AND WIRE; with Examples on tlie Principle ot Sus- 
pension ; Illustrated by 138 Engravings and 92 Woodcuts. 

In one Urge Svo volume, with explanatory Text, and (B dates 
comprising details and measured dimensions. Bound in half- 
morocco, uniform with the preceding work, price £2 10s. 

■DRIDGES. — SUPPLEMENT TO “THE 

D THEORY, PRACTICE, AND ARCHITECTURE OF 
BRIDGES OF STONE, IRON, TIMBER, WIRE, AND SUS- 
PENSION.” 



1 large folio Engraving, price 7s. 6d. 

BRIDGE across the Thames.— SOUTHWARK 

-D iron bridge. 



1 large folio Engraving, price 5s. 

BRIDGE across the Thames. — WATERLOO 

D STONE B R I DU E. 

1 very large Engraving, price M. 

BRIDGE across the Thames. — VAUXHALL 

■D ikon bridge. 



1 very large Engraving, price 4s. fid. 

BRIDGE across the Thames.— HAMMERSMITH 

Jj SUSPENSION bridge. 



1 large Engraving, price 4a. 6d. 

BRIDGE (the UPPER SCHUYLKILL) at 

-D PHILADELPHIA, the greatest known span of one arch, 
covered. 

1 large Engraving, price 3s. 6d. 

BRIDGE (the SCHUYLKILL) at PHILA- 

•D DELPUIA, covered. 

1 large Engraving, price 3s. f>d. 

BRIDGE. — ON THE PRINCIPLE OF SUS- 

D PENSION, by Sir I. BRUNEL, In the ISLAND OF 
BOURBON. 



BRIDGE. 

D PATENT 



1 large Engraving, price 4s. 

PLAN and ELEVATION of the 
PATENT IRON BAR BRIDGE over the River Tweed, near 
Berwi ck. 

34 Plates, folio, £1 Is., boards. 

BRIGDEN, R. — Interior Decorations, Details, 

B and Views of Sefton Church, Lancashire, erected In the tclgu 
of Henry VIII. 

John Weale, 69, High Holborn, London, W.C. 



Digitized by Google 




20 



ME. WE ALE’S WORKS ON ARCHITECT* 

1V1 TURE, ENGINEERING, FINE AKT8, &c. 

1 large Engraving, price 3s. tid. 

RRITTON’S (John) VIEWS of the WEST 

D FRONTS of 14 ENGLISH CATHEDRALS. 



1 l<rgo Engraving in outline, pric** 2*. 6*1. 

•nRITTON’S (John) PERSPECTIVE VIEWS of 

D tlie INTERIOR of 14 CATHEDRALS. 

In 4to y 2s. Gd. 

|)RODIE, R., C.E — Rules for Ranging Rail- 

XX way Curves, with the Theodolite, ar.d without Tabl**H. 

1 large Engraving, price 4s. 61. 

miOWN’S (Capt. S.) CHAIN PIER at Brighton, 

-L) with D-t ’ ils- 

The Text in one large volume Svo, and the Plates, upwards of 70 
in number, in an atlas folio volume, very neatly half-bound, 
£2 10 . 

DUCHANAN, R. — PRACTICAL ESSAYS 

-L> ON MILL WORK AND OTHER MACHINERY; with 
Examples of Tools of modem invention ; first published by 
ROBERT BUCHANAN, M.E. ; afterwards improved and edited 
by THOMAS TREOGOLD, C.E. ; and re-edited, wiih the Im- 
provements of the present age, by GEORGE RENNIE, F.R.S., 
C.E., &c., Ac. The whole forming 70 Plates, and 103 Woodcuts. 
John Weale, 59, High Holborn, London, W.C. 



Text in roi at Svo, and Plates in imperial folio, 18s. 

B uchanan, r. — supplement. — 

PRACilCAL EXAMPLES ON MODERN TOOLS AND 
MACHINES; a Supplementary Volume to Mr. RENNIE’S 
edition of BUCHANAN “On Mill- Work and Other Machinery,” 
by TREDOOLD. The work consists of 18 Plates. 

In Svo, with Plates, 2nd Edition, Is 6d. 

yyURN, C., C.E. — On Tram and Horse Railways. 



In one volume, 4to, 21 Plates, half-houml in morocco, £1 Is. 

T)URY, T., Architect. — Examples of Ancient 

XX Ecclesiastical Woodwork. 



7s. Gd. 

CALCULATOR (THE) : Or, TIMBER MER- 

V/ CHANT'S AND BUILDER’S GUIDE. Bv WILLIAM 
RICH ARISON and CHARLES GANE, of Wisheac'h. 

In Svo, Plates, cloth hoards, 7s. 6d. 

pALVER, E. K., R.N.— THE CONSERVATION 

V AND IMPROVEMENT OF TIDAL ltlVF.RS. 

In Svo, Woodcuts, Is 6d. 

pALVER, E.K., R.N.— ON THE CONSTRUC- 

VJ TION AND PRINCIPLE OF A WAVE SCREEN, 
design- d for the Formation of Harbonrs of Kefnim. 

In 4'o, half-bound, price £1 6«. 

PARTER, OWEN R, Architect.— A SERIES 

VJ OF THE ANCIENT PAINTED GLASS OF WINCIIES- 
T liR CAT HEDR AL, Examples of. 23 Colour ed Il lustration s 

In -Ito, 17 Plates, half-bound, 7s. 6d. 

pARTEU, OWEN B., Architect. —ACCOUNT 

Gt OF THE CHURCH OF ST. JOHN THE BAPTIST, 
at Bishopst me, with Illustrations of its Architecture. 

Johu Wealo, 59, High Holborn, London, W.C. 
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ME. WEALE’S WORKS ON ARCHITEC- 

111 TCKE, engineering, FINE ARTS, &c. 

In 4tn, with 19 Engravings, £1 Is, 

p H ATEAUNEUF, A. de, Architect. — Architec- 

tura Domestic* ; a Series of very neat examples of Interiors 
and Exteriors of residences in the Italian style. 

Large 4 to, in half-rrd morocco, price £1 8s. 

pHIPPENDALE, INIGO JONES, JOHNSON, 

^ LOCK, and PETHER. — Old English and French Orna- 
ments : comprising 244 designs on 105 Plates of elaborate examples 
of Hall Glas.-es, Picture Frames, Chimney-pieces, Ceilings, Stands 
for China, Clock and Watch Cases, Girandoles, Brackets, Grates, 
Lanterns, Ornamental Furniture, Ornaments for brass workers and 
silver workers, real ornamental iron work Patterns, and for carvers, 
modellers, &c., &c., Ac. 

4to, third Edition with additions, price £1 11s. 6d. 

pLEGG, SAM., C.E. — A PRACTICAL TREA- 

u TISE ON T1IE MANUFACTURE AND DI3TKIUU. 
BUTION OF COAL GAS, I llnstiated by Engravings from Work- 
ing Drawings, with General Estimates. 

In 4to, Plates, and 76 Woodcuts, boards, price 6s. 

pLEGG, SAM., C.E.— ARCHITECTURE OF 

MACHINERY. An Essay on Propiiety of Form and Pro- 
portion. For the use of 8tudents and Schoolmasters. 

QOLBURNS, Z. — Ou Steam Boiler Explosions. 



One very large Engraving, price 4s. Gd. 

pONEY’S (J.) Interior View of the Cathedral 

C7 Church of St. Paul. 



Iu 4 to, on card board, Is. 

£J0WPER, C. — Diagram of the Expansion of Steam. 



In one vol. 4fn, with 20 Folding Plates, price £1 Is. 

pROTON AQUEDUCT. — Description of the 

New York Croton Aqueduct, in 20 large detailed and engi- 
neering explanatory Platts, with text in the English, German, 
and French languages, by T. SCHRAMKE, C.E. 



In demy 12mo, cloth, extra bound and lettered, price 4*. 

IAENISON. — A Rudimentary Treatise ou Clocks 

A/ and Watches, and Belts ; with a full account of the Westmin- 
ster Clock end Bells, by EDMUND BECKET DENISON, M.A, 
Q.C. Fourth Ediiion re-written and enlarged, with Eng livings. 

In royal 4to, cloth b ards, p.lce £1 11s. 6d. 

TAOWNES, CHARLES, Architect. — Great Exhi- 

U bition Building. The Building erected in Hyde Park for 
the Great Exhibition, 1851 ; 28 large folding Plates, embracing 
Plans, Elevations, Sections, and Details, laid down to a large scale, 
and the Working and Measured Drawings. 



7 A RAWING BOOKS. — Showing to Students the 

A-' superior method of Drawing and Shadowing. 



D rawing book. — cours elemen- 

TA1RES DE LAVIS APPLIQUfi A L’ ARCHITECTURE; 
folio volume, containing 40 elaborately engraved Plates, in shadows 
and tints, very 6»ely executed, by the best artists in France. £2. 
Paris. 

John Weale, 59, High Holborn, London, W.C. 
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1 UR. WEALE’S WORKS ON ARCHITEC- 

1VI TUKK, ENGINEERING, FINE AI1TS, &e. 

D rawing book. — cours FlEmen- 

TAIRE8 DE L AVIS APPLIQUE A MEC II AN1QUE ) 
folio volume, containing 60 elaborately engraved Plates, in -hadows 
and tints, very fiuely executed, by the best artists in Prance. 
£2 10s. Paris. 

TXRAWING BOOK. — CO URS L&MEN- 

-»A TAIltES DE LAVIS APPLIQUfi A ORNEMENTA- 
TION ; folio volume, containing 20 elaborately engraved Plates, in 
shadows and tints, very finely executed, by the best artists in 
France. £1. Pa is. 

rawing" bo okT— Etudes 'progress 

SIVES ET COMPLETES D'ARCHITECTURE DE 
LAVIS, par J. B. TRITON ; large folio, 24 tine Plates, comprising 
the Orders of Architecture, mouldings, with profiles, ornaments, 
and forms of their proportion, art of shadowing doors, balusters, 
parterres, <&c., &c., &c. £1 4s. Paris. 

In 12m<*, cloth boards, lettered, price 5s. 

T’CKSTEIN, G. F. — A Practical Treatise on 

-1-4 Chimneys ; with remarks on Stoves, the consumption of 
Smoke and Coal, Ventilation, Ac. 

Plates, imperial 8vo, price 7s. 

■pLLET, CHARLES, C. E., of the U. S.— Report 

A-4 on the Improvement of Kanawha, and incidentally of the 
Ohio River, by means of Artificial Lakes. 

In Svo, with Plates, price 12s. 

E XAMPLES of Cheap Railway Making-, 

American and Belgian. 

In one voL 4to, 43 Plates, with dimensions, extra cloth boards, 
price 21s. 

E XAMPLES for Builders, Carpenters, and 

Joiners; being well-selected Illustrations of recent Modem 
Art and Construction. 

With Engravings and Woodcuts, price 12s. 

'C'ROME, Lieutenant-Colonel, R.E. — Outline of 

J- the Method of conducting a Trigonometrical Survey for the 
Formation of Topographical Plans ; and Instructions for filling in 
the Interior Detail, both by Measurement and Sketchiug; Military 
Reconnaissances, Levelling, &c., &c., together with Colonial Sur- 
veying. 

In 4to, with Plates, price 7s 6d. 

PAIRBAIRN, W., C.E., F.RS. — ON 

A WATER-W11EELS, WITH VENTILATED BUCKETS. 



Io royal 8vo, with Plates and Woodcuts, Second Edition, lunch 
improved, price, in extra cloth hnaids, 16«. 

F1IRBAIRN, W., C.E., F.R.S.— ON THE 

A APPLICATION OF CAST AND WROUGHT IRON TO 
BUILDING PURPOSES. 

In Imperial 8vo, with fine Plates, a re-issue, price 16s., or 21s. In 
half-moroccr>, gilt edges, 

U'ERGUSSON’S (J.) Essay on the Ancient Topo- 

-*■ uraphy of Jerusalem, with restored Plans of the T. mple, &c. 
In 8vn, sewed in wrapper, nri^e 2s 

n ILL, J. — ESSAY ON THE THERMO D,Y- 

'A NAMIOS OP ELASTIC FLUIDS, by JOSfcPfl GILL, 
with Diagrams. 

John Weale, 69, High Holbom, London, W.C. 
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Tl, fit. WEALE’S WORKS ON ARCHITEC- 

JWL TURK, ENGINEERING, FINE ARTS, Ac. 

P’uTe8, fivo, boards, 5s. 

n WILT, JOSEPH, Architect.— TREATISE ON 

O THE EQtJILIISRIUM OF ARCHIES. 

In Svo, clo:h boards, with 8 Plater, 4s. 6d. 

pAKEWELL, S. J. — Elizabethan Architecture ; 

-LA illustrated by parallels of Darton House, Hatfi- ld, Long- 
leat, and Wollaton, in England, and the Palazzo Della Cancellaria 
at Home. 

* 8 vo, with a Map, Is. 

TTAMTLTON, P. S., Barrister-at-Law, Halifax 

■* -*• Nova Sc itia — Nova Scotia consider©! as a Field for Emi- 
gration. 



In imperial 8vo, Third Edition, with additions, 11 Plates, cloth 
boards, 8s. 

XT ART, J., On Oblique Bridges. — A Practical 

-*"■> Treatise on the Const ruction of Obliqne Arches. 

In 4 to, wiiU Woodcuts, 3s. 6d. 



TJEALD, GEOLtGE, C.E.— System of Setting Out 

Railway Curves. 

Roval 8vo, Plates and Woodcuts, price 12s. 6J. 

TJEDLEY, JOHN. — Practical Treatise on the 

-* A Working and Ventilation of Coal Mines, with Suggestions 
for Impiovements in Mining. 



Two Vols., demy 12mo, in cloth extra boards and lettered, price 
12s. 6d. 

TJ OMER. — The Iliad and Odyssey, with the 

■*--» IIvmnB of Homer, Edition with an accession of English notes 
by the Rev. T. H. L. LEARY, M.A. 



In Hvo, with Engravings, cloth boards, TMrd Edition, 1 Os. 6d. 

OOPKINSON, JOSEPH, C.E.— The Working of 

aJ- the Steam Engine Explained by the use of the Indicator. 

In Svo, in boards, 18s. 

pHNTINGTON, J. B., C.E. — TABLES and 

RULES for Facilitating the Calculation of Earthwork, Land. 
Curves, Distances, and Gradients, required in the Formation of 
Rail <k ays. Roads, and C an ala. 

Separate from the at>ove, pric« 8s. 

PUNTINGTON, J. B., C.E. — THE TABLES 

11 OF GRADIENTS. 



10 Plates, 8vo, bound, 5s. 

TNIGO JONES. — Designs for Chimney Glasses 

*- and Chimney Pieces of the Time of Charles the 1st. 



In & sheet, 2s. 

TRISH. — Plantation and British Statute Measure 

A (o imperative Tuhle of), so that English Measure can be trans- 
ferred into Irish, and vice vered. 

In 4to. with ft Engravings, in a wrapper, 6s. 

TRON. — ACCOUNT OF THE CONSTRUC- 

L TION OF THE IRON ROOF OF THE NEW HOUSES 
OF PARLIAMENT, with elaborate Engravings of details. 

In imperial 4to, with 50 Engravings, and 2 fino Woodcuts, half- 
bound in morocco, £1 4s. 

TRON. — DESIGNS OF ORNAMENTAL 

1 GATES, LODGES. PALISADING, AND IKON-WORK OF 
THE ROYAL PARKS, with some other Designs. 

John Wcale, 69, High Holborn, London, W.C. 
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IfR WEALE’S WORKS ON ARCHITEC- 

-I’A TUKE, ENGINEERING, FINE ARTS, &c. 



J EBB’S, 



In 4to, with 10 Plates, 12s. 

Colonel, Modern Prisons.— Their Con- 

struction ami Ventilation. 



In 3 vols. 8vo, witli 26 elaborate Plates, cloth boards, £2 2s. 

TONES, Major-Gen. Sir John, Bart. — Journal 

O of the Sieges carried on by the Army under the Puke of Wel- 
lington in Spain, between the years 1811 and 1814, with an Account 
of the Lines of Torres Vedras. By Major-Gen. Sir JOHN T. 
JONES, Bart, K.C.B. Third Edition, enlarged and edittd by 
Lieut. -General Sir HARRY D. JONES, Bart. 



16mo, cloth boards, 2s. 6d. 

TYENNEDY AND HACKWOOD’S Tables for 

-*A Setting out Curves. 



In 4to, 87 Plates, half-cl th boards, 9s. 

TYING, THOMAS.— The Upholsterer’s Guide; 

^ Rul e s for Cut ting and Forming drape ries, Valxnces, &c. 

Illustrated by large Draughts and Engravings. In 1 volume 4to, 
tex^, «nd a 1-irge atlas folio volume of Plates, half- bound, £6 6s. 

T7 NOWLES, JOHN, F.R.S.— Tiie Elements and 

Practice of Naval Architecture; or, A Treatise on Ship 
Building, theoretical and practical, on the best principles established 
in Great Britain; vrith copious Tables of Dimensions, Scantlings, , 
&c. The Third Edition, with au Appendix, containing the prlnci- 

S li s of constructing the Royal and Mercantile Navies, by Sir 
OBERT SEPPINGS. 



41 PUtes of a line and an elaborate description in larue alias folio 
half-bound, £2 12s. 6d.; with the text half-bound in 4to. 

T OCOMOTIVE ENGINES. — The Principles 

and Practice and Explanation of the Machinery of Locomotive 
Engines in operation. 



M A1N> 



In 12mo, sewed. Is. 

Rev. ROBERT. — An Account 

Observatories in and about London. 



of the 



4to, in boards, 15s. 

TV/T ANUFACTU R'ES AND MACHINERY. — 

•I’-*. Progress of, in Great Britain, as exhibited chiefly in Chrono- 
logical notices of some Letters Patent granted for Inventions and 
Improvements, from the earliest times to the reign of Queen Anne. 

I6mo, 2s. 6d. 

AT AY, R. C., C.E. — Method of setting out Railway 

Curves. 

Imperial 4to, with fine Illustrations, extra cloth boards, £1 5s., or 
half-bonnd in morocco, £1 lls 6d. 

T1TETHVEN, CAPTAIN ROBERT.— THE LOG 

OF A MERCHANT OFFICER, Viewed with Reference 
to the Education of Young Officer 4 and the Youth of the Mer- 
chant Service. By EGBERT METHVEN, Commander in the 
Peninsular and Oriental Company’s Service. 

In roy«l 8vo, Is. 6d. 

T\T ETHYEN, CAPTAIN ROBERT.— NARRA- 

1VI TIVES WRITTEN BY SEA COMMANDERS, ILLUS- 
TRATIVE OF THE LAW OF STORMS. The “ Blenheim " 
Hurricmc of 1851. with Diagr ams. 

Part 1, large 8v>>, 6s. Part 2, in prepara'ion. 

AjURRAY, JOHN, C.E. — A Treatise on the 
“/-*■ Stability of Retaining Walls, elucidated by Engravings and 
Diagrams. 

John Weale, 59, High Holbom, London, W.C. 
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1MK. AV KALE’S WORKS ON ARCHITEC- 

1V1 ture, engineering, fine ARTS, &c. 



On n large folio sheet, price 2s. Cd. 

A1EVILLE, JOHN, C.E., M.R.LA. — OFFICE 

-1.N HYDRAULIC TABLES: for the use of Engineers engaged 
in Water Works, giving the Discharge and Dimensions of River 
Channels and Pipes. 

In 8vo, Second and much Improved Edition, with an Appendix, 
cloth boards, price 16s. 

XTEVILLE, JOHN, C.E., M.R.I.A. — HY- 

1’ DRAULIC TABLES, COEFFICIENTS, ANI) FORMULA-:; 
for Finding the Discharge of Water from Orilices, Notches, Weirs, 
Pipes, and Ki vers, with Extensive Additions, New Formula?, Tables, 
and General Information on Rain-Fall Catchment-Basins, Drainage, 
Sewerage, Water Supply for Towns and Mill Power. 

On 33 folio Plates, 12s. 

/ lIlNAMENTS. — Ornaments displayed on a 

" ' full size for Working, proper for nil Carvers, Painters, Ac., 
containing a variety of accurate examples of foliage and friezes. 

Plates, 8vo, 2s. 6d. 

I i’BRIEN’S, W., C.E. — Prize Essay on Canals 

and Canal Conveyance. 

In demy 8vo, cloth, boards, 12s. 

DAMBOUR, COUNT DE.-STEAM 

A ENGINE; the Theory of the Proportions of Steam Engines, 
and a series of practical formula*. 



In Svo, cloth, boards, with Plates, a second edition, 18s. 

A PRACTICAL TREATISE ON LOCOMO- 

JT. TIVE ENGINES UPON RAILWAYS. — With practical 
Tables and an Appendix, showing the expense of conveying Goods 
by means of Locomotives on Railr oads. By COUNT F. M. G. 
DE PAMBOUR. 



4to, 72 finely executed Plates, in cloth, ill 16s. 

PARKER, CHARLES, Architect, F.I.B.A. — 

A The Rural and Villa Architecture of Italy, portraying the 
several very interesting examples In that country, with Estimates 
and Specifications for the application of the same designs in Eng- 
land ; selected from buildings and scenes in the vicinity of Rome 
and Florence, and arranged for Rural and Domestic Buildings gene- 
rally. 



Price, complete, £2 2s. In 4to. 

POLE, WILLIAM, M. Inst., C. E. — COR- 

T NISH PUMPING ENGINE; designed and constructed at 
the liar le Copper House in Cornwall, under the superintendence 
of CAPTAIN JENKINS; erected and now on duty at the Coal 
Mirths ot Languln, Department of the Loire Inft-rieur, Nantes. 
Nine elaborate Drawings, historically and scientifically described. 

With Plate. lOs.lid. 

AN ANALYTICAL INVESTIGATION OF 

THE ACTION OF THE CORNISH PUMPING ENGINE. 
— This Third Part sold separately feom above. 



28s. bound in tto size. 

PORTFOLIO OF ENGINEERING ENGRAV- 

A INGS.— Useful to Students as a Text Book, or a Drawing 
Hook of Engineering and Mechanics ; being a series of Practical 
Examples in Civil, Hydraulic, aud Mechanical Engineering. Fifty 
Engravings to a scale’ for drawing. 

John Weale, 59, High Holborn, London, W.C. 
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ATE. WE ALE’S WORKS ON ARCHITEC- 

lu TURE, ENGINEERING, FINE ARTS, &c. 

50 Plates, 28s., boards. 

PORTFOLIO OF GREEK ARCHITECTURE. 

-t — Ur, Dilettanti Drawing Book; Architectural Engravings, 
with descriptive Text. Being adapted as studies of the best 
Classic Models in the Grecian Btyle of Architecture. 



50 Plates, £1 8s., bound. 

PORTFOLIO OR DRAWING BOOK OF 

-t GOTHIC CHURCH ARCHITECTURE. -Of the periods 
of the 14tli, 15th, and 16th centuries. Useful to Architects, 
Bnllders, and Students. 

Q: PI q fan flillA 

PORTFOLIO OF ARCHAEOLOGICAL COL- 

-t LECTIONS.— Of curious, interesting, and ornamental sub- 
jects and patterns for stained glass windows, from York. 

18 Plates, 10s. 6d. Small folio. 

P ORTFOLIO OF ANCIENT CAPITAL 

LETTERS, MONOGRAMS, QUAINT DESIGNS, &c. — 
Beautifully Coloured and Ornamented. 



153 Plates, folio, half-bound in morocco, very neat, £4 4s. 

PUBLIC WORKS OF GREAT BRITAIN.— 

I Consisting of Railways, Rails, Chairs, Blocks, Cuttings, 
Embankments, Tunnels, Oblique Arches, Viaducts, Bridges, Sta- 
tions, Locomotive Engines, &c. ; Cast-Iron Bridges, Iron and Gas 
Works, Canals, Lock-gates, Centering, Masonry and Brickwork 
for Canal Tunnels ; Canal Boats : the London and Liverpool 
Docks, Plans and Dimensions, Dock gates, Walls, Quays, and 
their Masonry; Mooring-Chains; Plan of the Harbour and Port 
of London, and other important Engineering Works, with Descrip- 
tions and Specifications. 

In two Parts. Imperial folio. 

PUBLIC WORKS OF THE UNITED STATES 

A OF AMERICA. 

And tire text in an 8vo Volume, price together £2 6s, 

PEPORTS, SPECIFICATIONS, AND ESTI- 

- 1 * MATES OF PUBLIC WORKS OF THE UNITED 
STATES OF AMERICA; explanatory of tho Atlas Folio of 
Detailed Engravings, elucidating practically these important En- 
gineeiing Works. The Plates are Engraved in the best style. 



Imperial Svo, 50 Engravings, £1 6s. 

PAPERS AND PRACTICAL ILLUSTRA- 

A TIONS OF PUBLIC WORKS OF RECENT CONSTRUC- 
TION— BOTH BRITISH AND AMERICAN. Supplementary to 
previous Publications, and containing all the details of the Niagara 
Suspension Bridge. 

Half-bound in morocco, finely coloured Plates, price £3 3s. 

P AWLINSON’S, ROBERT, C.E. — Designs for 

-*-v Factory, Furnace, and other Tall Chimney Shafts. Tall 
chimneys are necessary for purposes of Trade and Manufactures. 
They arc required for Factories, for Foundries, for Gas Works, for 
Chemical Works, for Baths and Wash-houses, and for many other 
purposes. 

Third Edition, in royal 8vo, boards, with 13 Charts, &e., 12s. 

pEID, Major-General Sir W., F.R.S., &c. — AN 

av attempt to develop the law of storms 

by means of facts arranged according to place and time ; and hence 
to point out a cause for the variable winds, with a view to practical 
use in navigation. 

John Weale, 59, High Ilolbora, London, W.C. 
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MR. WEALE’S WORKS ON ARCHITEO- 

1V1 TUKE, ENGINEERING, FINE ARTS, Ac. 

n royal 8vo, uniform with the preceding, 9a., with Charts and 
Woodcuts. The work together in 2 vo's., £1 Is. 

EID, Major-General Sir W., F.R.S., &c. — 

THE PROGRESS OF THE DEVELOPMENT OF THE 
W OF STORMS AND OF THE VARIABLE WINDS, with 
practicable application of the subject to navigation. 

Illustrated with 17 Plates, Third Edition, 8vo, cloth, 7s. 6d. 

piCHARDSON, C. J., Architect. — A Popular 

Xv Trea'iso on the Warming and Ventilation of Buildings; 
showing the advantage of the improved system of Heated Water 
Circulation. And a method to effect the combination of large and 
small pipes to the same apparatus, ahd ventilnting buildings. 

Bound in 2 v.ds., very neat, half-morocco, gilt tops, piice £18. 

R ENNIE’S, Sir JOHN, F.R.S., Work on 

the Theory, Formation, and Construction of British and 
Foreign Harbours, Docks, and Naval Arsenals. This great work 
may now be had complete, 20 parts and supplement, price £16. 



Revy, 



In 8vo, 2s. 

J. L., C.E. — The Progressive Screw 

as a Propeller in Navigation. 



12mo, cloth boards, 3s. 6d. 

S I M M S, F. W. — Treatise on the principal 

Mathematical and Drawing Instruments employed by the 
Engineer, Architect, and Surveyor; with a description of the Theo- 
dolite, together with Instructions in Field Works. 



4to, with flue Plates, a New Edition, extended, sewed, 5s. . 

OMITH, C. H., Sculptor. — Report aud Investiga- 
te tion luto the Qualifications and Fitness of Stone for Building 

Purposes. 

In 1 vol. 8vo, in boards, 7s. 6d. 

CM ITU'S, Colonel of the Madras Engineers, 

O Observations on the Duties and Responsibilities Involved in 
the Management of Mines. 

8vo, cloth boards, with Index Map. 5s. 

QOPWITII, THOMAS, F.R.S. — TilE 

O AWARD OF THE DEAN FOREST COMMISSIONERS 
AS TO THE COAL AND IRON MINES. 

id large folio Plates, £1 4s. Separately, 2s. each. 

C O P W I T H, THOMA S, F. R.S. — SERI ES 

k? OF ENGRAVED PLANS OF THE COAL AND IRON 

MINES. 

12 Plates, 4to, Gs. in a wrapper. 

STAIRCASES, HANDRAILS, BALUSTRADES, 

►J AND NEWELS OF THE ELIZABETHAN AGE, &c.— 
Consisting of — 1. Staircase at Audley-end Old Manor House, 
Wilts; 2. Charlton House, Kent; 3. Great Ellingham Hall, Nor- 
folk; 4. Dorfold, Cheshire; 5. Charterhouse; 6. Oak Staircase at 
Clare Hall, Cambridge; 7. Cromwell Hall, llighgate; 8. Ditto; 9. 
Catherine Hall, Cambridge; 10. Staircase by luigo Jones at a 
house in Chaudos Street ; 11. Ditto at East Sutton ; 12. Ditto, ditto. 
Useful to those constructing edifices in the early English domestic 
Btyle. 

Large atlas folio Plates, price £2 2s. 

OTALKARTT, M., N. A. — Naval Architecture; 

l ' or, The Rudiments and Rules of Ship Building : exemplified 
in a Series of Draughts and Plans. No text. 

John Weale, 69, High Holborn, London, W.C. 
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1V/T R. WEALE’S WORKS ON ARCHITEC- 

-I»J- TORE, ENGINEERING, FINE ARTS, &c. 



With Illustrative Diagrams. In 8vo, 7s. 6d. 

QTEVENSON’S, THOMAS, C.E., of Edinburgh, 

^ Description of the Different kinds of Lighthouse Apparatus. 

8 vo, 2s. 6d. 

OTEVENSON, DAVID, C.E., of Edinburgh.— 

^ Supplement to Ills Work on Tidal Rivers. 



Text in 4to, and large folio Atlas of 75 Plates, half-cloth boards, 
£2 12s. 6d. 

OTEAM NAVIGATION. — Vessels of Iron and 

Wood; the Steam Engine; and on Screw Propulsion. By 
WM. FAIRBAIKN, F.R.S., of Manchester; Messrs. FORRESTER, 
M.I.C.E., of Liverpool; JOHN LAIRD, M.I.C.E., of Birkenhead; 
OLIVER LANG, (late) of Woolwich; Messrs. SEAWARD, Lime- 
hottse, &c. &c. &c. Together with Results of Experiments on the 
Disturbance of the Compass in Iron-built Ships. By G. B. AIRY, 
M.A., Astronomer Royal. 

10s. 

CT. PAUL’S CATHEDRAL, LONDON, SEC- 

O TION OF. — The Original Splendid Engraving by J. 
GWYN, J. WALE, decorated agreeably to the original intention 
of Sir Christopher Wren ; a very fine large print, Bhowing distinctly 
the construction of that magnificent edifice. 

isizc of Plate 4$ feet in height, IDs. 

OT. PAUL’S CATHEDRAL, LONDON, GREAT 

PLAN.— J. WALE and J. GWYN’S GREAT PLAN, 
accurately measured from the Building, with all the Dimensions 
figured and in detail, description of Compartments by engraved 
Writing. 

Secoud Edition, greatly enlarged, royal 8vo, with Plates, cloth 
boards, price 16s. 

OTRENGTII OF MATERIALS.— FAIRBAIRN, 

^ WILLIAM, C.E., F. R.S., and of the Legion of Honour of 
France. On the application of Cast and Wrought Iron to Building 
Purposes. 

With Plates aud Diagrams. New Edition. The work complete 
in- 2 vols., bound in 1 vol., price, in cloth boards, 16s. The 
second portion of the work, containing Mr. Hodgkinson’s Experi- 
mental Researches, may be bad separatelv, price 9s. 

S TRENGTH OF MATERIALS.— HODGKIN- 

SON, EATON, F.R.8., AND THOMAS TREDGOLD, 
C.E. A PRACTICAL ESSAY ON THE STRENGTH OF CAST 
IRON AND OTHER METALS; intended for the assistance of 
engineers, ironmasters, millwrights, architects, founders, smiths 
and others engaged in the construction of machines, buildings, &c’ 
By EATON HODGKINSON, F.R S. 



To be published in 1861, in crown 8vo, bound for use. 

CTRENGTH OF MATERIALS— POLE, WIL- 

LIAM, C.E., F.R.S.— Tables and popular explanations of 
the Strength of Materials, of Wrought and Cast Iron with other 
metals, for structural purposes; developing in a systematic form, 
the strengths, bearings, weights, and forms of these materials, whe- 
ther used as girders or arches, for the construction of bridges and 
viaducts, public buildings, domestic mansions, private buildings, 
columns or pillars, bressimumers for warehouses, shops, working 
and manufacturing factories, &c. &c. &e. The whole rendered of 
easy reference fur architects, builders, civil and mechanical eugL 
neers, millwrights, irotifounders, &c. &c. &c., and forming Ready 
Reckoner or Calculator. 

John Weaie, 69, High Ilolbom, London, W.C. 
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TUli. WE ALE’S WORKS ON ARCHITEC- 

IU T URE, ENGINEERING , FINE ARTS, Ac. 

30 very elaborately drawn Engravings. In Urge 4to, neatly half, 
bound and lettered, £1 Is. A few copies on largo imperial Bize, 
extra half-binding. £1 11s. 6d. 

TEMPLE CHURCH, — The Architectural History 

~ anil Architectural Ornaments, Embellishments, and Painted 
Glass, of the Temple Church, London. 



Part I., with 26 Engravings on Wood and Copper, in cloth boards, 
4 to, 15s. 

THAMES TUNNEL.— A Memoir of the several 

*- Operations and the Construction of the Thames Tunnel, from 
Papers by the lato Sir 1SAMBARD BltUNEL, F.R.8., Civil 
Engineer. 

Fourth Edition, with a Supplementary Addition, large 8vn, ^2*. 6d. 

THOMAS (LYNALL), F.R.S.L.— Rifled Ordnance. 

— A Practical Treatise on the Application of the Principle 
of tiro ltifle to Guns and Mortars of every calibre ; to which is 
added a New Theory of the Initial Action and Force of Fixed 
Gunpowder plates. 



In 4to, complete, cloth, Vol. T„ with Engravings, £1 10s.; Yol. IX., 
ditto, £1 8s.; Vol. Ill, ditto, £2 12s. 0d. 

TRANSACTIONS OF THE INSTITUTION 

J- OF CIVIL ENGINEERS. 



8 vols, numerous Engravings of Sections of Coal Mines, &c., large 
folding Plates, several of which are coloured, in large 8vo, half- 
hound in calf, price £1 Is. per volume. 

TRANSACTIONS OF THE NORTH OF 

ENGLAND INSTITUTE OF MINING ENGINEERS.— 
Commencing in 1852, and continued to 1860. 



A New Edition revised by the translator, and with additional Plates, 
in demy 12mo, India proof Plates and Vignettes, half-bound in 
morocco, gilt tops, price 12s. Only 25 printed on India paper. 

V ITRUVIUS. — The Architecture of Marcus 

' Vitruvins Pollio in 10 Books. Translated from the Latin by 
JOSEl’H GVYILT, F.S.A., F.lt.A.S. 

In 4to, with Plates, 7s. 6d. 

WALKER’S, THOMAS, Architect. — Account 

* * of the Church at Stoke Golding. 

WEALE’S QUARTERLY PAPERS ON EN- 

'• GINEERINU. — Vot. Vf. (Parts 11 ami 12 completing 
the work.) Comprising, “ On the Principles of Water Power.” 
Plates. Experiments on Locomotive Engines. Coloured Plates. 
On Naval Arsenals. On the Mode of Forming Foundations trader 
v.ater and on had ground. Plates. On the Improvement of the 
River Medway and of the Fort and Arsenal of Chatham. On the 
Improvement of Portsmouth Harbour.' An Analysis of the Cornish 
Pumping, Plates. On Water Wheels. Plates. 



Text in 8vo, clotli hoards, apd Plates in atlas folio, in cloth, 16s. 

W HITE’S, THOMAS, N.A., Theory aud Pracs 

tlce of Ship Building. 



In 8vo. with a large Sectional Plate, Is. 6d. 

W HICHCOED, JOHN, Architect. — 

OBSERVATIONS ON KENTISH RAG STONE AS A 
BUILDING MATERIAL. 

John Weale, 59, High Ilolborn, London, W.C. 
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TUB. WE ALE’S WORKS ON ARCHITEC- 

RL TURE, ENGINEERING FINE ARTS, &c. 



4to, coloured Plates, in half-morocco, 7s. 6d. 

W HICHCORD, JOHN, Architect.— HIS- 
TORY AND ANTIQUITIES OF THE COLLEGIATE 
CHURCH OF ALL SAINTS, MAIDSTONE. 



In 4to, 6 j. 

W ICKSTEED, THOMAS, C.E. — AN EXPE- 

*' RIMENTAL INQUIRY CONCERNING THE RELA- 
TIVE POWER OF, AND USEFUL EFFECT PRODUCED 
BY, THE CORNISII AND BOULTON & WATT PUMPING 
ENGINES, and Cylindrical and Waggon-Head Boilers. 



, In 8vo, Is. 

WlfcKSTEED, THOMAS, C.E. — FURTHER 

»* ELUCIDATION OF THE USEFUL EFFECTS OF 
CORNISH PUMPING ENGINES ; showing the average work- 
ing for long periods, &c., Ac., &c. 



£2 2s. 

W ICKSTEED, THOMAS, C.E. — THE 

ELABORATELY ENGRAVED ILLUSTRATIONS OF 
THE CORNISH AND BOULTON & WATT ENGINES erected 
at the East London Water Works, Old Ford. Eight largo atlas 
folio very fine line engravings by GLADWIN, from elaborate 
drawings made expressly by Mr. WICKSTEED; folio, together 
with a 4 to explanation of the plates, containing an engraving, by 
LOWRY, of Harvey and West’s patent pump-valve, with speci- 
fication. 



With numerous Woodcuts. 

\17ILLIAMS, C. WYE, Esq., M. Inst. C. E.— 

»» THE COMBUSTION OF COAL AND THE PREVEN- 
TION OF SMOKE, chemically and practically considered. 



Imperial 8vo, with a Portrait, 2s. Gd. 

WILLIAMS, C. WYE, Esq, M. Inst. C. E. — 

PRIZE ESSAY ON THE PREVENTION OF THE 
SMOKE NUISANCE, with a fine portrait of the Author. 



With 3 Plates, containing 51 figures, 4tn, 5s. 

W ILLIS, REV. PROFESSOR, M.A. — A 

system of Apparatus for the use of Lecturers and Experi- 
menters in Mechanical Philoso^iy. 



In 4to, hound, with 26 large plates and 17 woodcuts, 12s. 

WILME’S MANUALS. — A MANUAL OF 

»» WRITING AND PRINTING -CHARACTERS, both 
ancient and modern. 



Maps and Plans, in 4to, plates coloured, half-bound morocco, £2. 

WILME’S MANUALS. — A HANDBOOK 

»» FOR MAPPING, ENGINEERING, AND ARCHITEC- 
TURAL DRAWING. 



Three Vols., large 8vo, £3. 

WOOLWICH. — COURSE OF MATHEMA- 

* • TICS. This course Is essential to all Students destined 
for the Royal Military Academy at Woolwich. 



8vo, Is. 

VULE, MAJOR-GENERAL.— ON BREAK- 

WATERS AND BUOYS of VERTICAL FLOATS. 

John Weale, 59, High Holbom, London, W.C. 
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TfORElGN WORKS, KEPT IN STOCK AS 

JL FOLLOWS: — 



Large folio, 32 plates, some coloured, and 12 woodcuts, 50 francs. 
£2 10s. 

ARCHITECTURE SUISSE.— Ou Choix de Mai- 

-A pons KusiiqncB des Alpes du Canton de Berne, parGKAF- 
FINRIED et STCRLER. Architectes. Berne, 1844. 



Small folio, 52 most Interesting and explanatory plates of Public 
Works, Bridges, Iron Works, Ac., &c., &c., very neatly half- 
bound in morocco, £1 10s. 

T> AUERNFEIND, CARL MA X.— VORLEGE- 

-*-> BLAETTEH ZUR BRUCKENBAU KUNDE. Mlinchen. 
Large folio, 36 plates of Bvzantine capitals, 12s. 

JgYZANTINISCIIE CAPITAELER.— Miincken. 



Second edition, 126 plates, large folio, best Paris edition, 100 f., 
printed on fine paper, half-cloth boards, £i 4s. 

pALLIAT, VICTOR, ARCT. — Parallele des Mai- 

^ sons de Paris, con, strokes depuis 1830 jusqu’k nos jours. — 1857. 



Large folio, 60 francs, 60 plates, and several vignettes, £2 8s. 

/^ANETO, F. — Saiute-Mari6 d’Aueh. Atlas Mono- 

G* grapbique de Cette Cathgdrale. The Plates consist principally 
of outline drawings of the Painted Glass Windows in this Cathe- 
dral. 



120 plates, elegant In half-morocco extra, interleaved, £5 16s. 6d. 

pASTEICUAN, A. — PARALELLE des MAI- 

G* SONS de BRUXELLES et des PRINCIPALES VILLES de 
la BELGIQUE, construitea depnls 1830 jtisqu'a nos jours, repre- 
sents en plans, derations, coupes et details interieurs et extrieurs. 
—Paris. 



Small folio, 48 plates of edifi-es. £1 is. 

rjEGEN, L. — LES CONSTRUCTIONS EN 

-Lr BRIQUES, compordes et publiees. 8 livraisons.— 1868. 



Small folio, 48 plates of bouses, parts of houses, details of all kinds 
of singularly beautiful woodwork, coloured plates In imitation of 
the objects given, £1 Is. 

TAEGEN, L.— LES CONSTRUCTIONS ORNA- 

u MENTALES EN I50IS, 6 livraisons. 



In 3 v»*ry large folio parts, 35 fine plates, £1 11s. Gd. 

rjAERTNER, F. V. — The splendid works of M. 

y* GAERTNER of Munich, drawn to a very large size, con- 
sisting of the library In plans, elevations. Interiors, details, and 
sections, and coloured ornaments. The church, with details, orna- 
ments, &c. — Miinchen. 



Small folio, 86 fine plates of the Architecture, ornament, and detail 
of the houses and churches of Germany during the middle age, 
very neatly half-bound in morocco, £2 12s. 6d. 

XT ALLEN BACH, C. C. — Chronologic der Deutsch- 

-1*- Mittelalterlichen Baukunst. — Mlinchen. Fine Work. 



The works of the great master KLENZIE of Munich, in 6 parts 
very large folio, 50 plates of elevations, plans, sections, details 
and ornaments of his public and privato buildings executed in 
Munich and St. Petersburg, £2 2s. 

T7LENZE, LEO VON. — Samnilung Artliitec- 

tonisher Entwllrfe, fiir die Ausfllhrung bestimmt Oder wirk- 
lich ausgefiilnt. Published in Munich. 

John Weale, 69, High Holborn, London, W.C. 
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L'OREIGN WORKS KEPT IN STOCK AS 

FOLLOWS:— 



Upwards ol 100 plates, large 40'. £2 12s. Gd. 

pETIT, VICTOR.— CHATEAUX DE FRANCE. 

. Architecture Pittoresque, ou Monuraeuts des quinzieme et 
seizi^me si tales. Paris. 



Livraisons 1 a 18, very finely executed plates, large imperial folio. 
£5 8s. 

PHATEAUX DE LA VALLfcE DE LA 

^ LOIRE DES XV. XVI, ET COMMENCEMENT DU XVII 
SIECLE.— Paris , 1867—60. 

4 to, 96 plates, 72f.; £2 10n. 

T3ECUEIL DE SCULPTURES GOTHIQUE.— 

Dessinees ot gravels & l’eau forte d'apris les plus beaux monu- 
ments constrnits en France depuis le onzijme juaqn'au quinzitmie 
Bificle, par ADAMS, Inspecteur dcs travaux de la Saiute CUapelle. 
Paris, 1856. 

4 parts are published, price 14s. 

II AMEE. — HISTOIRE GENERAL E DE L’AR- 

CHITECTURE. L’Histoire generate de l’Architecture, par 
DANIEL RAMEE, forme 2 vol. grande in 8vo, publics en 8 fas- 
cicules. 



5 vote., terge 8vo, numerous fine woodcuts, half morocco. 

yiOLET-LE-DUC. — DICTIONNAIRE RAI- 

* SONNE, de. l’Archilcctare Francaise du quinzieme au seizitme 
si.Vle. Paris . 1854-8. 

2 vole., extra imperial folio, price £6 Ids. 6d. 

"DADIA D’ALTACOMBA. — Storia e Descrizione 

U della Antico Sepolchro dei Real! di Savola, fondita da Amedio 
III, rinnovftta (la Carlo Felice e Maria Christina. 



79 livraisons in large 4fo, 200 engravings, £8 18s. 6d. 

"DELLE ARTi. — 11 Palazzo Ducale di Venezia, 

^ Illiistrato da Frai \ cesco^Z anot t o . Ven ezi < , 1 S 1 6 — 1858. 

2 vols. large 4 to, 62 very neatly engraved outline Plates. £1 6s. 

pANOVA. — Le Tombe ed i Mouumeuti lllustri 

^ d’ltalia. Milano. 



2 vols. 4to, 67 elaborate Pia r es, JL‘l 16s. 

PAVALIERI SAN-BERTOLO (NICOLA).— 

V ISTITUZIONI DI ARCIIITETTL’UA STATICA E IDliAU- 
LICA. Mantova. 



2 vols. imperial folio, in parts of eight divisions, &c., New and much 
Improved Edition, comprising 259 Plates of the Public Buildings 
of Venice, plans, elevations, sections, and details. £8 18s. 6d. 

P ICOGNAItA (COUNT).— Le Fabbriclie o i Monu- 

^ menti Cospicui di Venezia, illustrati da L. Cirognara, da A. 
Piedo, e da G. A. Selva, edizione con copiose note ed aggiuntc di 
Francesco Zanotto, aVricchita di nuove tavole e della Versione 
Francese. Venezia nello stab. naz. di G. Antonelli a spese degli 
edit. G. Antonelli e Litcieno llasadonna. 185S. The elaborately de- 
scriptive text is in French and Italian, beautifully printed. 

Copies elegantlv half-bound in morocco, extra gilt, library copy 
and interleaved, £12 12s. Venezia, 1858. 

Folio, Portrait, and 147 Plates, consisting of subjects of public build- 
ings, executed at Verona, plans, elevations, sections, details, and 
ornaments, with some executed works at Venice, &c„ £4 4s. 

T 1 ABBRICII E. — CIVILI ECCLESIASTICHE 

A E MILITARI DI MICHELE SAN MICHELE disegnato 
ed incise da KONZANI FRANCESCO e L. 

GIROLAMO. 

John Weale, 59, High Hoi born, London, W.C. 
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VOEEIGN WOEKS KEPT IN STOCK AS 

A FOLLOWS. 

Large (olio, containing a profusion of Plates of the palaces, theatres, 
hotel de villes, amt other public buildings in Heveial parts of 
Italy. Elegantly half-bound in red morocco, extra gilt and inter- 
leaved, £6 (is. 

I^ABEEICIIE.— E DISEGNI D’ANTONIO 

1 PI EDO , N OHILE VENETO. Venezia. 

36 livmlsons, price £12 12s. 

nAKLERIA DI TOEINO (LA .REALE).— 

Illustrata da R. D'AZEGLIO, llemb. dell' Accad., Ac. Ac. 
Copies, Indian proofs, £18 18s. 

%* Bound copies in elegant half-morocco binding. India proof, £23 2s. 

2 vols. folio, complete, 177 Elates of outline elevations, plans, iu 
teriors, details, Ac., 6rst impression, 150 francs, half-bound £0 Os. 

f'AUTHIEK. M.P., Architects. — Los PLUS 

V J BEAUX EDIFICES de la VILLE de GENES ct des ses 
ENVIRONS. Paris, 1830-2. 

Folio, 109 Plates of plans, elevations, sections, and details, £2 8s • 

rj. RAND JEAN fie MONTIGNY et A. i'AMIN. 

—ARCHITECTURE TOSCANE, ou palais, malsons, et 
autres edifices, de la Toscane. Pans, 1816. 

Oblong folio, containing a profusion of picturesque views of palaces 
and public buildings and scenes of Venice, executed in tinted 
lithography, with full descriptions attacliod to each. Elegant in 
half extra morocco, interleaved, £4 Us. 6d. 

17 1 EE, G.— VENEZIA MONUMENTALE PIT- 

TOR ESC A. Venezia. 

targe folio. Cl livratsous or 3 vols., with 3 vols. of text in 4to 
£18 13s. ’ 

T ETAEOUILLY, P. — Edifices de Eome Mo- 

" derne. Paris, 1825-56. 

Fine Plates of the New Palace of Justice, Senate HoiLeT Ac , plans' 
elevations, sections, doors, Ac., details of the several parts, Ac.’, 

l/TICHELA, IGNAZIO.— DESCEIZIONE e 

DISEGNI del l’ALAZZO dei MAGISTRATI SUPREUI 
di TORINO. Torino. 

Large folio, 94 Plates, bound in extra lialf-morocco, gilt and inter- - 
leaved, price £G 10s. . 

TJEYNAUD, L. — Trattato di Arcliitettura, con- 

tenente nozoini generali sui Principii della Conslruzione e 
sulla storia dell' Arti, con annot. per cura di Lorenzo Urban! 
Venezia, 1857. 

4 imperial bulky 8vo volumes, printed and publi-heil under autbo- 
rity, and treats of the early foundation of Venice and estab- 
lishment as a kingdom, its wealth and commerce, and its once 
great political position, with Plates, £3 3s. 

■yENEZIA. — E le sue Lagune. Yenezia, 1847. 



\ VENEZIA.— Copies elegantly bound and gilt 

£4143. Gd. Venezia, 1847. ° ’ 

In 2 large folio volumes, numerously and elaborately drawn PbUeiT 
very well executed in outline, altogether a very fine work. Verv 
elegantly half-bound iu morocco, extra gilt nud interleaved 

£12 12s. u i 

A CCADEMIA DI BELLI AETI. — Opere dei 

££ GrandiConcorsiPremialedatl I. R. Accademia delie Belle * Arti 
in Milano, e publicate, per cura dell’ Archltetto, G. ALUISETTI— ' 
per la Classi di Ornano—per le Classi di Arcliitettura, ficura nd 
Ornato. Milano, 1825-29. ’ e od 

John Weale, 59, High Holborn, London, W.C. 



Digitized by Google 




34 

T70REIGN WORKS, KEPT IN STOCK AS 

A FOLLOWS:— • 

Atlas folio, very fine Impressions, complete in 3 parts, 'Columbier 
folio, £3 13s. 6d E'egantly half bound in extra morocco and 
interleaved, £.5 15s. 6d, 

A LBERTOLLI, G. — Alcune Decorazioni di Nobili 

•L*. Sale ed Altri Ornament!. Milano, 1787, 1824, 1S38. 

To be bad separately, £1 8s. 

A LBERTOLJjI, G. — Part III., very frequently 

-LA required to make up sets. 

2 vols., folio, 80 Plates of the most exquisite kind in colours, far 
superior to any existing work of the present day, £7 10s. 

IT OF FM AN, ET KELLERHOVEN. — Recueil 

de Dessins relatifs a l’Art de la Decoration chez tons les 
peuples et aux plus belles dpoques de leur civilisation, &■ c . , des- 
tines h servir de motifs et de matiriaux aux peintres, decorateurs, 
peintres sur verre, et aux dessinateurs de fabriqnes. 

Price £1 Is. 

XT OPE, ALEXANDER J. BERESFORD, Esq.— 

-*-A Abbildungen der Glasgemiilde in der Salvator-Kirclie zu 
Kilndown in der Graffscliaft Kent. Copies of paintings on glass in 
Christ Church, Kilndown, in the county of Kent, executed in the 
Royal Establishment for Painting on Glass, Munich, by order of 
ALEXANDER J. BERESFORD HOPE, Esq., published by F. 
Eggert, Painter on Glass, Miinchen. The work contains one sheet 
with the dedication to A. J. B. HOPE, Esq., and fourteen windows; 
in tho whole fifteen, beautifully engraved and carefully coloured. 

In large folio, 80 Plates, containing a profusion of rich Italian and 
other ornaments. Elegant in half-morocco, gilt, and interleaved, 
£<5 6s. 

J ULIENNE, .E. — Industria Artistica .0 Raccolto 

di Composizioni e Decorazionl Ornamentali, come suppellet- 
till, tappezzerip, armature, cristalll, soflfitti, coruic!,lampade, bronzi, 
ec. Venezia, 1851—1858. 

Prix 50f., in folio, £3. 

T E PAUTRE. — Collection des plus belles Com- 

-Ll positions, gravdes par DE CLOUX, Arclite. L'Ouvrage con- 
tient cent planclies. Paris. 



This unique collection is in 2 Vols. 4to, had its commencement in 
1812, and contains upwards of 500 rich Designs. Price £5 5s. 

■jVj ETIVIER, MONS., Architecte. — The original 

Sketches, Drawings, and Tracings, in pencil and pen and 
ink, of executed Works and Proposals, displaying the geniaa of 
Mons. Metivier, as an architect of high attainments, whose recent 
death waB much regretted in Bavaria. He was a native of France, 
and was Induced to settle in Munich by the late Duke of Leuchten- 
berg, under whose patronage he was much employed in the con- 
struction of private edifices for tiic Bavarian nobility and gentry ; 
and for decoration and fittings of them ; his interiors are still much 
in admiration. He built a mansion for Prince Charles, in a most 
simple and elegant stylo (in Brienner Street), which is still now 
considered one of the purest buildings of Munich. The above 
Sketches are his professional life and practice. 



Twelve Parts, in small oblong 4to, 60 coloured Plates of 90 elabo- 
rately colonred and gilt ornaments. £1 Is. 

f)RN AMENTENBUCH. — Farbige Verzierungen 

D fllr Fabrikanten, Zimmermaler und andere Baugcwerke. 
Miinchen. 

John W eale, 59, High Holborn, London, W.C. 
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T7QREIGN works, kept in stock as 

-I- FOLLOWS ; — 



410 Plates, in tarn thick large 4 to. Vols., designed and engraved by 
MM. Reister A rye t , d’ilautel, de Wailly, Wagner, L, Feuchdre 
et Regnier, &c. £5 5s. 



ARNEMENTS. — Tir6s ou imit6s des Quatro 

v fieoles. Paris. 



Six Parts, large folio, Plates beautifully coloured, in fac-similes 
of the Interiors, Ornaments, Compartments, Ceilings, &c. 
£2 12s. 6d. Also, elegantly half-bound in morocco gilt, £4 4s. 

■DOTTHANN, L. — Ornaraente aus den vorziig- 

-»-v liclisten Banwoiken MUncliens. MUnclien. 



Very elegant In half red morocco, gilt and interleaved, £7 17*. 6d. 

7ANETTI, G. — STUDII ARCHITETTONICO 

“ ORNAMENTALI, dedicatl all' J. K. Accademla Veneta della 
Belle Arti, seconds edizlone con agguinte del Prof. L. URBANI. 
66 livraisons, in imperial folio, about 200 of most elaborately de- 
signed subjects of Architecture and Interior Fittings, Designs for 
Chimney Pieces, Iron Work for Interiors snd Exteriors, Gates and 
Wooden Gates, Garden Decorations, &c., &c., including the Ap- 
pendices. Venezia. 



A Catalogue, of 40 pages/ to be had 
gratis; printed in demy 8vo. 

Export Orders executed either for Prin- 
cipals abrtiad, or Merchants at home. 
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In Atlas of Plates and Text, 12mo,pr!ce 2 os. together, 

IRON SHIP BUILDING. 

with 



PRACTICAL ILLUSTRATIONS. 



BY 

JOHN GRANTHAM, N.A. 



DESCRIPTION 

1. Hollow and Bar Keels, Stun and 

Stern Posts. 

2. Side Frames, Flooring*, and Bilge 

Pieces. 

3. Floorings continued — Keelsons, 

Deck Beams, Gunwales, and 
Stringers. 

4. Gunwales continued — Lower 

Decks, and Orlop Beams. 

5. Angle-Iron, T Iron, Z Iron, Bulb 

Iron, as rolled for Iron Ship- 
Building. 

6. Rivets, shown in section, natural 

size, Flush and Lapped Joints, 
with Single and Double Ri- 
veting. 

7. Plating, three plans, Bulkheads, 

and modes of securing them. 

8. Iron Masts, with Longitudinal and 

Transverse Sections. 

0. Sliding Keel, Water Ballast, 
Moulding the Frames in Iron 
Ship-building, Levelling Plates. 

10. Longitudinal Section, and Half- 

breadth Deck Plans of large 
Vessels, on a reduced scale. 

11 . Midship Sections of Three Vessels 

of different sizes. 

12. Large Vessel, showing details.— 

Fere End in Section, and End 
View, with Stern Pest, Crutches, 
Deck Beams, &c. 



OF PLATES. 

13. Large Vessel, showing details. — 

After End in section, with End 
View, Stern Frame for Screw, 
and Rudder. 

14. Large Vessel, showing details. — 

Midship Section, Half breadth. 

15. Machines for Punching and Shear- 

ing Plates and Angle-Iron, and 
for Bending Plates ; Rivet 
Hearth. 

16. Machines. — Garforth's Riveting 

Machine, Drilling and Counter 
Sinking Machine. 

17. Air Furnace for Heating Plates and 

Angle-Iron; various Tools used 
in Riveting and Plating. 

IS. Gunwale, Keel, and Flooring; 
Plan for Sheathing Iron Ships 
with Copper. 

19. Illustrations of the Magnetic Con- 

dition of various Iron Ships. 

20. Gray's Floating Compass and Bin- 

nacle, with Adjusting Magnets. 

21. Corroded Iron Bolt in Frame of 

Wooden Ship; Caulking Joints 
of Plates. 

22. Great Eastern— Longitudinal Sec- 

tions and Half-breadth Plans. 

23. Great Eastern — Midship Section, 

with details. 

24. Great Eastern — Section in Engine 

Room, and Paddle Boxes. 



This Work may be bad of Messrs. Lockwood & Co., No. 7, Stationers’ 
Hall Court, and also of Mr. Weai.e ; either the Atlas separately 
for If. 2s. 6d., or together with the Text price as above stated. 

Bradbury and Evans, Printers, Whitefriars. 
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